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RATIONALE FOR STANDARDS AND GUIDKLIE,

AND FURTHER RECOMMENDATIONS TO THE FAA

Tn this section we presenflniformation that will be useful to the FAA in a variety

of ways. First, it presents-The rationale for the recommended standards, examination

procedures and dispositions that were described in'the -firstýý2 f this

report. Second, it provides the most recent clinical thinking on a variety of disorders

that are commonly encountered by the FAA, which will guide the FAA in its review of

individual cases for special issuance of medical certificates, and for follow-up of those

individuals who are given special issuance certificates.
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e
Endocrine System

Recommendatium Concerning Diabetes Mellitus

The Endocrine Committee recommends that the absolute prohibition of

certification of individuals requiring oral hypoglycemic agents for control of diabetes

mellitus be lifted. This recommendation is based on the clinical experience of the

committee members as well as the medical literature. Smithi states that acute or

chronic malnutrition almost always accompanies the hypoglycemia caused by

sulfonylureas, and that other predisposing factors for hypoglycemia include advanced

age, and hepatic, renal or adrenocortical insufficiency. The action of the sulfonylureas

can be potentiated by alcohol, salicylates, sulfonamides and othet drugs. The American
Diabetes Association states:Z On rare occasions hypoglycemia is associated with the

use of oral hypoglycemic agents, especially in persons who have renal or hepatic disease,

which makes them more susceptible to the hypoglycemic effects of sulfonylureas

(particularly the long-acting and potent agent, chlorpropamide).* Steel et al,3 in a

survey of automobile drivers who had noninsulin-dependent diabetes, found an apparent

absence of hypoglycemic symptoms in that group.

Persons with diabetes that is adequately controlled by diet and oral hypoglycemic

agents should be well informed about tieir diabetes. Standards for diabetes education,

which are attached, have been publishod by the National Diabetes Advi-rsoy Board. The

committee suggests that individuals with diabetes requiring orel hypoglycemic agents for

control who are permitted to fly under special issuance be required to furnish proof of

having attended an educatioual course that conforms to these standards.

The committee recommends Lti absolute prohibition of certification of

individuals requiring insulin for control of diabetes mellitus be continued. While

eventually it may be reasonable to approve the judicious use of insulin therapy for some

applicants seeking pilot certification, the committee concludes that all applicants for V
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committee members as well as the medical literature. Smith1 states that acute or

chronic malnutrition almost always accompanies the hypoglycemia caused by

sulfonylureas, and that other predisposing factors for hypoglycemia include advanced

age, and hepatic, renal or adrenocortical insufficiency. The action of the suifonylureas

can be potentiated by alcohol, salicylates, sulfonamides and other drugs. The American

Diabetes Association states:z ,On rare occasions hypoglycemia is associated with the

use of oral hypoglycemic agents, especially in persons who have renal or hepatic disease,

which makes them more susceptible to the hypoglycemic effects of sulfonylureas

(particularly the long-acting and potent agent, chlorpropamide).* Steel et al, 3 in a

survey of automnobile drivers who had noninsulin-dependent diabetes, found an apparent

absence of hypoglycemic symptoms in that group.

Persons with diabetes that is adequately controlled by diet and oral hypoglycemic

agents should be well informed about t~eir diabetes. 5tandards for diabetes education,

which are attached, have been published by the National Diabetes Advisory Board. The

committee suggests that individual- with diabetes requiring oral hypoglycemic agents for

control who are permitted to fly under special issuance be required to furnish proof of

having attended an educational course that conforms to these standards.

The committee recommends ti•"t absolute prohibition of certification of

individuals requiring insulin for control of diabetes mellitus be continued. While

eventually it may be reasonable to approve the judicious use of insulin therapy for some

applicants seeking pilot certification, the committee concludes that all applicants for ',,

IV- 2



Classes I, II, and III certificates be denied certification permanently until better

monitoring techniques are available for predicting the onset of hypoglycemic reactions.

This is strongly recommended because neuroglycopenic symptoms may develop

without warning in individuals taking insulin,4 there is an inherent unpredictability of

hypoglycemic episodes that cannot be monitored readily, 5 and the effect of

hypoglycemia in combination with hypoxia on cognitive functions is not known.

Therefore, the committee concludes that it is necessary first to substantiate the

effectiveness and safety of the oral hypoglycemic agents before insulin therapy can be

approved in the pilot population. The Federal Air Surgeon should monitor carefully all

individuals who are given a special issuance certificate while taking oral hypoglycemic

agents, who should report back to the FAA at 6-month intervals with a re-evaluation by a

specialist in diabetes. After two years the Federal Air Surgeon, with the assistance of a

panel of experts in diabetes, should review the data, and either leave these

recommendations unchanged or modify them, possibly to include for special issuance

some individuals who are on insulin therapy.

The Endocrine Committee also reviewed and revised the form for "Specifications

for the Initial Evaluation of Abnormal Carbohydrate Metabolism" (FAA 8500-17) and

"Spf -ifications for Follow-up Evaluation of Abnormal Carbohydrate Metabolism* (FAA

Form 8500-18). Also included in this section are the recommendations- of the National

Diabetes Data Group6 for the interp.etation of glucose tolerance test data, which should

be used by the FAA in its initial ad follow-up .'J,-.ua.ions of airmen with glucose

intolerance. Finally, acceptable replaceý.sent therapy for other endocrine disorders are

presented.
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SPECIFICATIONS FOR THE INWITAL EVALUATION

OF ABNORMAL CARBOHYDRATE METABOLISM

It is important that baseline values be established for an airman who is seeking

medical certift.:-ation, when there is an indication of disturbance of carbohydrate

metabolism from the medical history or from an abnormal screening plasma glucose

value. Prior clinical information, such as hospital records, laboratory reports, and

outpatient records, should also be submitted. When this information includes the data

listed below, and if it is no more than 90 days old at the time of examination, the tests

need not be updated. Actual ECG tracings should be forwarded with the evaluation

report.

0 Required data:

I. General medical history and complaints.

Z. Family and personal history related to diabetes.

3. Height and weight, with explanation of any recent changes in weight.

4. Ophthalmoscopic examination.

5. Vibration, pain, position, light touch,' mnses in the extremities.

6. Cardiovascular examination:

a.. History specific for cardiovascular disease.

b. Sitting blood pressure (beachial arteries).

c. Circulatory efficiency in extremities.

d. Standard lZ-lead resting ECG.

e. Treadmill stress test.

f. Blood lipid determination (total cholesterol and triglycerides).

7. Report of chest radiograph.

Iv - 4



8. Urinalysis for specific gravity, albumin, sugar and acetone.

9. Statement concerning present need for insulin or other hypoglycemic

medication for maintenance of control. If medication has previously

been required for control of carbohydrate metabolism, the AME

should specify types used and the most recent date that latest

medication was discontinued.*

10. Plasma glucose determination.

a. If a prior 'diagnostic' oral glucose tolerance test (OGIT) was

done, the results should be submitted along with current

fasting and Z-hour postprandial plasma glucose test results and

glycosylated hemoglobin concentration.

b. If no prior OGTT was done, a current OGTT should be

submitted (Z-hour).

Glucose determination should be performed on venous plasma in a

certified laboratory. Capillary blood measurements using reagent

strips with or without reflectance meters are not satisfactory for

diagnostic purposes. Fasting specimens should be drawn in the

morning, 10 to 14 hours following the last food intake. Postprandial

*IMPORTANT NOTh- Certification will be considered nl if adequate control can bhe
accomplished and maintained without use of insulin. If u.e. of insulin only recently has
betn discontinued, control is to be demonstrated by fasting and Z-hour postprandial blood
sugar tests taken at 30-day intervals during the previous 90 days. Control will be
considered acceptable when fasting plasma glucose is .• 140 rag/dl and - 60 mg/dl (a
fasting plasma glucose <Z 100 mg/dl in a pers.n taking an oral hypoglycemic agent may
indicate excessive or inappropriate use of the sulfonyluresa, and is a cause fo-" review and
probable revision of medication), Z-hour postprandial glucose is C 17S Mg/dl, and
glycosylated hemoglobin does not exceed the upper limits of normal in a given laboratory
by more than I% (in many laboratories the upper limit of normal is 7%). Care must I-
exercised to mlnimize the risk of hypoglycemia in per-sons treated with oral agents.
Prolonged fasting or severe dietary restriction alone or in combination with alcohol

-,.-• ingestion must be avoided. Susceptibility to hypoglycemia may persist for more than Z4
hours following alcohol ingestion when nutritional status compromised.
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blood samples may be obtained Z hours after a mixed meal (breakfast

or lunch) containing 75 to 100 g carbohydrate.

Oral glucose tolerance tests should be conducted and interpreted as

described in the reference, "Office guide to diagnosis and

classification of diabetes mellitus and other categories of glucose
intolerance," Diabetes Care 1981;*335, which is reproduced below.

SPECIFICATIONS FOR FOLLOW-UP EVALUAT7ION

OF ABNORMAL CARBOHYDRATE METABOLISM

1. Significant history during interval since last examination.

Z. Weight, with an explanation of any change since last examination.

3. Ophthalmoscopic examination.

4. Vibration, pain, position, light touch senses in extremities. V401-

5. Full explanation of any problems in maintaining constant control of

glucose without use of insulin.

6. Current fasting and Z-bouzr postprandiai plasma glucose and

glycosylated hemoglobin de-terminations. Glucose determ ina tons

should be performed on venous plasma in a certified laboratory.

Capillary blood measurXements using reagent strips with or without

reflectance meters are not satisfactory for diagnostic purposes.

Fasting specimens should be drawn in the morning, 10 to 14 hours

following the last food intake. Postprandial llood samples may be-

obtained Z hours after a mixed meal (breakfast or lunch) containing 75

to 100 g carbohydrate.

7. Blood pressure and any significant inteim hiatory of cardiovascular
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symptoms.

t 8. Resting ECG. For first and second class applicants over age 40 years,

a more thorough cardiovascular assessment is to be made annually,

including an appraisal of circulatory efficiency. A treadmill test is

required every two years unless it is medically contraindicated. The

treadmill protocol should be attached to the evaluation.

9. Evidence of normal renal function initially and on a yearly basis

thereafter (BUN< Z5 mg/dl or creatinine <1.5 mg/dl).

Control will be considered acceptable when fasting plasma glucose is < 140 mg/dl

and a 60 mg/dl (a fasting plasma glucose < 100 mg/dl in a person taking an oral

hypoglycemic agent may indicate excessive or inappropriate use of the sulfonyluresa, and

'is a cause for review and probable revision of medication), Z-hour postprandial glucose

is< 175 mg/dl, and glycosylated hemoglobin does not exceed the upper limits of normal

in a given laboratory by more than 1% (in many laboratories the upper limit of normal is

7%). Care must be exercised to minimize the risk of hypoglycemia in persons treated

with oral agents. Prolonged fasting or severe restriction alone or in combination with

alcohol ingestion must be avoided. Susceptibility to hypoglycemia may persist for more

than Z4 hours following alcohol ingestion when nutritional status compromised.

Recommrmdatioms Conocrsun flypoglyce-mia

A diagnosis of hypoglycemia should not be made in the absence of neuroglycopenic

reseats that are comfirmed by plasma glucose levels. Symptoms in the fasting state in

con uactiom with a fasting plasma glucose of (250 mg/dI suggests hypoglycemia of an

o.ganlc cause, and further evaluation is indicated. A history of hypoglycemia ma- -tot be

disquahfying if appropriate educational and dietary measures have alleviated the

symptoms.
7
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Recowmended Replacement Therapy for Ibdividualz with Endocrine Deficiencies

Disease or Condition Therapy

A. Addison's disease 1. Hydrocortisone (cortisol)

(primary adrenal insufficiency) 13 mg/mz/d or approx z0

mg a.m., 10 mg p.m. (may

substitute prednisone 5 mg
a~m., 2-5 mg p.m.; or

cortisone 25 mg a.m., 12.5

mg p.m.)

2. Florinef (9 -fluorohydro-

cortisone) 0.05 to 0.10 mg qd

B. Secondary adrenal insufficiency same an for primary adrenal

insufficiency but without Florinef

C. Hypothyroidism, primary or szcondary L-thyroxine 0.05-0.Z0 mg qd

(usuel replacement dose 13 0.15 rug

qd)

D. Hypoparat yroidism Vitamin D, 5C,000-100,000

U.S.P. units/d (way substitute I.zg-

dibhi•, oxyvitamnin D )(ocalirol)

0.25-Z.0 mcg qd (usual doz is 0.s5-

0.50 mcg qd)
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NOTE: During the dosage titration period with Rocaltrol, serum calcium levels should be

obtained at least once weekly and medication should be discontinued immediately i f

hypercalcemia is noted. Once a stable serum calcium is achieved, patients should be

followed at least every 3 months with serum calcium determinations.

E. Diabetes insipidus 1. DDAVP (desxnopreý

acetate) 0.05 r- '13 mi qd

intranasaliy in ,%-. doses

(may substicute pitressin-

tannate-in-oil 1.0 mi deep

intramuscular injection q Z4-

"Z. Diapid (lypressin) 1-2 sprays

in each nostril may be used,

but the effect is usuall)

brief and mu-3t be repeated

every 4-6 1-r

-,,
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TO: Chai•en of the 32ard, Presidents, and E:xcutive Direc:o~s of
Affiliate Assoclations

Gordon T. S:ulberg
Chai.rman of the Board

STIBJZ.CT: AVERIC.\' DIA3EEMES ASSOCIATIOs" 111 E.-.".LO7'.*...T POLICY STA7E1T.T

The k.erlican Diabetes Association policy on employr.erlt states that, '"Arty
';-ic, ,•ather insulin-dependent or n:n-insulin-dependent, s~hculd be

e.'Z"ibl for any -plo.ym.en f.or which he or she is individually qualifiad."
This poli:y is consistent witch, and supports :he Federal PRehabilitati•a
Ac. an_-4 most state laws and importan: ccurc decis•.ons. It =pllies that
:.:.re chouli be individual cons•d.era,:on'cf each car.didate 'or e-ployý..nt,
aw.oicni, I.."an.kct policios w•ch regard to people with diazbtcs.

I

The policy is also consistent wich the folio-wing:

I. Di_.bc:-3z as ouch should not exc.lude a po.rson £ro-cmplo>.en:,

2. Indlvidual jobs and individual people with diabetes shOuld
be considered, weighing such factors as :reat-.nt re•imen,
(diet, oral hypoglycemLc agen:s, insulin), presence o!
co..plica tions of dibabetes, and speci!ic Job :e;-uirem:ents
or hazards.

In connection vith this policy, It, should be noted that:

I. Physicicns should examine employees to dete.mine whether
individual factor:, such es a his:ory of so-.are i.sulin
re.acttons (with parec mntacicn)0, or imairtd v4&s~on
will cz:nrain':i-.e car:sin job situations.

2. Intens've efforts are necessnry Co educate physiczans in:
eve.luatin3 the work each individual with diab•.tes is
capable of perfo."ing.

3. Public education, eapecially Of employcrs, is also i=,.or-
tan: to op:il:,ze utilizzation of .ho person w:ch direto,.s
I.n thes 'orkplaco.

X' 10C

ý,nard c f L;rc:r V lOc
Ftbruacy 2 2 (V 334



National Standards for Diabetes
Patient Education Programs

Notikoal Diabetes Advsory Board November 1983

National standards for diabetes patient education programs
have boen endorsed by the 11ational Diabetes Advisory Ward.
•:rlese standards were developed under the auspices of the
&maA and In collaboration vpth the American Association
of Diabetes Educators, American Diabetei Association,
Centers for Disease Control, Diabotes Research and Train-
ing Centers, International Diabetes Center (Minneapolis),
Juvenile Diabetes Foundation, and Wational biabetes Znfor-
mation Clearinghouse.

This statemont presents the rationale for the standards and
a plan for their Waplawontation. It includes a summary and
description of the standards and a tabular presentation for
easy reference.

The Need for National Standards

Major strides have been made in the treatment of diabetes during
the last decade as a result of biomedical research, technological
advances, and improved application of currently available knowledge
and resources. Dramatic increases in our knowledge of effective ap-
proaches to prevention of some of the complications of diabetes include
better methods to assess and control blood glucose. It is now possible
to limit the severity of some long-term effects of the disease and thus
reduce its medical, social, and economic impact.

Several barriers, however, still preclude the widespread availabil-
ity of preventive approaches in self-care. These barriers include lack
of patient and provider knowledge about diabetes, inadequate reimburse-
ment policies, and lack of coordination among key components of the
health care system. One major impediment has been the lack of national
standards to assure that the education provided to people with diabetes
is of an acceptable quality and appropriate for the individual.

The National Diabetes Advisory Board, in collaboration with experts
from within and outside the diabetes "ommunity, has developed national
standards for diabetes patient education programs. These standards
establish specific param.ters against which programs can measure them-
selves. The standards are rigorous enough to be acceptable to the
diabetes community, yet f "exible enough to be practical for the prima' \
care community. They are ipplicable in any health care setting. The
Board encourages adoption ef these standards by all diabetes patient
education programs. T,, I"d

7550 Whsconský Avenue * Room 616 e Bethesda, Moryknd 20205 0 (301) 496-6045



National Plan for Implementation of the Stanaaras

The National Diabetes Advisory Board (NDAB) is mandated by Congress
to oversee the Long Range Plan to Combat Diabetes. In addition to itsadvisory role, the Board has come to serve as a forum through which the
diabetes community can focus on common needs and problems and share in
their solutions. Through a series of workgroups, the Board and coopera-
ting organizations determined that the availability of the standards
would be enhanced by a process to ensure their widespread application.
They are therefore developing a national system of recognition for dia-
betes patient education programs that meet the standards. Recognition
is a voluntary process through which programs meeting the standards are
formally identified for a level of performance, integrity, and quality
entitling them to the confidence of the community they serve. The
process is flexible enough to apply to programs that conform to other
standards, provided the other standards adhere to the national consen-
sus standards or are modified to do so.

S

The standards and the recognition process will be pilot tested
during 1984 and 1985. Pilot testing will be conducted under the aus-
pices of a Board-appointed steering committee consisting of representa-
tives of the diabetes-related organizat 4 ons involved with the Board in
the development of both the standards and the recognition process.
These organizations include the American Association of Diabetes Educa-
tors, American Diabetes Association, Centers for Disease Control, Dia-
betes Research and Training Centers, International Diabetes Center
(Minneapolis), Juvenile Diabetes Foundation, and National Diabetes
Information Clearinghouse. The results of the pilot testing will form_ @ the basis for modifications in the standards and for any required
adjustments in the recognition process prior to nationwide implementa-
tion. Support materials will be available to provide diabetes patient
education programs with additional information on (1) how to meet the
standards, (2) how to initiate or upgrade a program to meet them, and
(3) how to apply for recognition.

Summary and Description of the Standards

Diabetes is a serious and common disease that is treated directly
or indire-tly in practically every health care facility in the nation,
regardless of size or location.

In chronic diseases, especially diabetes, patients are required to
assume a major share of responsibility for their own care. Only an in-
formed and well-motivated person who has the support of the primary health
care provider can carry out this responsibility effectively. Evidence
is growing that inadequate patient knowledge results in multiple hospital
admissions, excessive use of emergency rooms, unnecessary medication, and
a high incidence of long-term complications of diabetes, all of which
increase human suffering and escalate the costs of care. Studies test-
ing patient education as the variable component of the treatment regimen
have shown consistent reductions in these measures. Education for self-
care is therefore recognized to be a fundamental component of quality

0 •. treatment for the individual with diabetes.
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At the present time, both the quantity and quality.or WeuuL;aULT
offered to people with diabetes vary considerably in the United States.
Experience in other fields has demonstrated the ability of uniform
standards to improve the quality, effectiveness, and availability of
programs. It £• hoped that the implementation of national standards
will result in increased access to this fundamental component of treat-
ment by stimulating adequate reimbursement for diabetes patient education.

The diabetes patient education standards consist of 10 components
that will enable an institution to establish a new progr-am or modify an
existing one. Each standard offers the flexibility required to tailor
a patient education program to the type of diabetes, its duration, and
the life-stage of the diabetic person. Many of the standards are over-
lapping, reflecting the interdependence among all components of an
effective diabetes education program.

1. Needs Assessment. A successful program is the product of a
flexible policy based upon the needs of the community it is intended
to serve. Since the diabetes caseload varies from one institution to
another, each institution should assess its own needs and match its
resources to the needs of its caseload. The needs assessment should be
performed initially to guide the management of the program and to form
the basis for program planning. It should be a continuing process that
will allow the program to adapt to changing service requirements. In
addition to the needs of the program, the needs of the individual pa-
"tient should be assessed to provide the basis for the instructional
program offered to each patient. The person with diabetes is recog-
nized to be an equal partner in all aspects of the educational process.

2. P. Planning is an essential component of a diabetes
patient education program. The planning process should describe the
program's goals and objectives, target audience, setting (inpatient,
outpatient), patient-referral mechanisms, procedures, and evaluation
methods. The planning process should be a cooperative effort involving
people with diabetes as well as health professionals.

3. Program Management4 Effective management is required to im-
plement a patient education program. A variety of health care profes-

N sionals is involved in the total care of people with diabetes. Clear
lines of authority and efficient systems for communication should be
established among everyone involved in the program. The ultimate re-
sponsibility for all aspects of program management should rest with
one person designated as the program coordinator. In addition, an
advisory committee should be established to assist the coordinator and
other members of the program staff in setting policy and managing the
program.

4. Communication and Coordination. Several levels of communica-
N tion are essential to the efective coordination of the program.

Ph:,sician leadership and participation are necessary to ensure the
i-' ,gration of patient education into the treatment regimen. A physi-
c e• should be identified to serve as the liaison between the education
p'rogram coordinator and the medical staff. In addition, the institution
should maintain regular channels of communication with its staff and
the community it serves to inform diabetes patients and their families •
about the availability of the program. All information on the patient'
educational experience should be incorporated into tie medical record.
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5. Patient Access to Teaching. It should be the policy of the
institution to facilitate access to patient education for the target
audience specified in the plan. This is promoted by a commitment to

', routinely inform both patients and staff about the availability and
' benefits of patient k'elf-care programs. Diabetes patient 2ducation

should be regularly and conveniently accessible, and the instructional
program should be able to respond to patient-initiated requests for
information. The program permits referral by health professionals,
health care agencies, or individual patients. The instructional design
encourages active patient participation.

6. Content/Curriculum. The individual patient's needs assessment
provides the basis for the instructione! program offered to each patient.
The assessment should be documented and ihould include all relevant
information regarding the patient's treatment, education, and support
systems. Responsibility for various facets of the assessment can be
divided among the instructional team members. Curriculum and instruc-
tional materials should be appropriate for the specified target audience,
taking into consideration the type and duration of diabetes and the age
and learning ability of the individual. Both curriculum and available
community resources should be reviewed and updated periodically. The
institution should provide the program with adequate space, personnel,
budget, and materials.

7. Instructor. Qualified personnel are essential to the success
of a diabetes patient education program. Each institution should be
responsible for identifying and evaluating its instructors. Instructors
should be skilled professionals with recent experience and training in

, ~ both diabetes and educational principles. The number of instructors
- • should be proportional to the caseload requirements. Instructors should

be allotted sufficient time to complete the instructional program.

K 8. Followup. Followup services are important because diabetes
requires a lifetime of proper care. The institution should provide
followup services that include periodic reassessment of the patient's
knowledge and skills and should offer supplementary educational services
when warranted. Written communication between the program staff and
the primary care physician is essential for ongoing identification of
the patient's needs. This is especially appropriate in regard to
referral for early diagnosis and treatment of the complications of
diabetes. Referral to community resources may also provide ongoing
support for long-term psychosocial needs and behavioral modification
skills. If a patient changes care settings, the institution should
request the patient's permission to send his/her records to the new
health care setting.

9. Evaluation. The institution should review the educational
program periodically to ascertain that it continues to meet the national
standards. This review should be conducted by the advisory committee.
The results of this review should be utilized in subsequent program

•'•' planning and modification. An assessment of each patient's needs and
progress should also be conducted at regular intervals.

10. Documentation. Program planning and evaluation should be

N7.2, documented to provide the basis for future program development and
; '%> modification. All information about the patient's educational experi-

• ence should be documented in the patient's medical records, as should
communication among treatment and education professionals.
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Naftona Standards for DIabetes Pat t Education Programs

This table presents the standards IL a form for easy reference. Standards applicable to the facility offerrin
the prog0r are dasignated "isatitution standards' and are separated from those applicable to the education
program itself, wiich are designated 'program standards.'

It

a The Institution shall "ses its diabetic e An individualised and docuented ongoing assess-

caseload to determine the allocation of ment of needs shall be developed with the
personnel and resources to serve the Lntmuc- patient's partic.iptioa. This shall loclude
tionel mWeds of the cmaeload. medical history, present health statues, previous

diabetes education, health services ftilisation,
a There shall be a reasonable wetch between asoatiated medical conditions or risk factors,

caseload requirement* and resources allocated, diabetes knowledge, skills, attitudes, self-
assessment, identification of support system.
barriers to learning, sad financial status.

o The eeds assessment shall be the baasi for the
education program delivered to each patient.

a The Institution shall have a written policy a The participants in plamulng shall includ*
that affirms patient education as an integral health professionals involved in the care and
component of quality diabetes care. education of perseons with diabetes and persons

with diabetes aid theit fmili".

a The planning procese shall defise (is order):

a) trogram goels and objectlves

b) Target audience
c) Program setting
d) atiatot accens schenitsms
e) XVntructioeal methods
8) Fatiest follow* mechanioes

-b) Ivaluation

a A cooranmator shall be designated and retpoa- 0 mot aplicabloe.
stilhi. for all aspects of the program.

a The ortnilational relatioomhipo, lne. of
mthority, steffieg. and a*rsttoal policloe
shall b deind.

'II

a A standing advisory omeittee with both
medical sad CtOWRty/lQ Qco m TV represeatattOin
""ahall be astablisho¢.

a A phyei naa shall be i6eatified to stees an All Isforuatlo* Oba t the patiet's educational
l4a0son betwean the p•acrom coordinator and experieice shall be prtuaent ly incorporated
Cthe sdical staff. iate Eh patient's (msdical records maintained

by the inatitutsou.
. The mostitutioe shall vreularly isbnr It#

4 staff Md the patients (sad Potential a The role of each edgcotioa teem snebor shall
patients) It serve* of tbo availability of be clearly defised. &nd the intercomnicetloo
its diabetes pate cati o o progra. between cach ell be docunsetad in the pa-

SIieeaiet't record.

SThere shall be written evidence of coordins-
tion between different care settings.

0 1%M applicant setitutilo *hall %Uav a policy a The program s•ll be regularly sAd c" iomee tly
to inform pettiete reqatisely aboat the *vetlahle.

benef4its end availability of patient
,ucation. 0 The program shell be raspoaOive to petiiet-

Initiated req~uest@ foe isfor..tin said/Or
d parttcipocteo it the progroae's activities.
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S lb. Institution shall provide spae, persoeael. The program shall be capable of c~taring 1sf or-
hadet, &ad Instructional materials, adequate natieeon 00aCh 0! t~il follWvInS CAOOtt iteIM.
for thbe program. as fteaded:

o Assessment of available commint iresAracas a) General ftctp
shall te performed periodically. b) Psychologi;,4l 40osjptum

e) family Aec 44amrit

N e) lsxreir-.
fV Vaidcatioea

g) hltiftew p betveemwttodasrie
"mdiestf em

k) baiomptw io WOLtet.rhbiiae

a) Uppfrulsee~d responsbiites ofcar

s, T eIntitution shall specify the mechanism
by which the cuarricualum shall be reviewed,
approved. sad updated.

0The instituttioo shall Id~enthey apprpratea e Instprucors sheallh provieasfoallw AM otheirs)
Isrecrdtionaohersom n a sporaeheralth tarer shal be part lofta whom Wish v to r senaid
*ettinehmacpelo.ucfr h.o e educationit Pogr~uam. awti teleiv

9 care nubrsapof ersontianel. aall4salb iatem t shall harvies shallt expeiencan
suitblefor he iabtic asaoadWithn te ta)an Pro diEabsetesm and knowlegeand skilsI

Institution.a)uatu ptlic cipl" wit tepiary aplcation

shalloid~ beog tprorit teo accmprs prheemeloc
eery aduepofeiioaa obeecicve.

0 110A institution soall review periedically thu a Tte progrw shall rovidac solowu secrv nmice
petrfoumwen at ptien i trestioes Us pogra and vocidgeouedcces of e acaio~hi thet losrt seig-
acars ela thab~tti ceew. tieetstlmls.l need sad ravrCe sal eplr ISinteral

*~~a Periodi frew~so oof !rkc~ adout c.* andth

b)Tiely plametag s on ragrem .on iicsatioo.

* ~ ~ ~ ~ ~ ~~~~~~~~~4 Al secsaOteeMlsin hl b eore Alapcats of vthe eathea promary arsff,

be The toottutoo~ shllstitview ad reviewed toa ?eac Pfratecthall huc & eorsed an tniat
"pici~l oacrtain tbtihaateoto manot satew- petalen', medicalgressr at reuarsineimad b th

j Thed proro sheis meste@d tastitut Iso..t
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Mental and Behavicral

L DSM M

The Diagnostic and Statistical Manual of the American Psychiatric Association,

Third Edition (DSM IMI) presents several problems to the FAA for regulatory purposes.

Foremost among these is the listing of explicit criteria that are required for each

diagnosis. While this increases the reliability of psychiatric diagnosis, it makes it more

difficult to establish a diagnosis that can be defended in administrative proceedings.

For example, in a psychiatric evaluation, which is somewhat adversary ia nature,

it is often difficult to elicit a history of delinquent behavior before t1he age of 15, which

is required for the diagnosis of antisocial personality disorder. As a result, this diagnosis

may be rejected in administrative proceedings, even in the face of ato '•e evidence of

adult antisocial acts. Another problem exists with the term, *alcohollsm.' DSM Mf has

- . eliminated this term and substituted the diagnoses of *substance abuse' and *substance

m dependence.* The term, "alcoholismn hzs a strong traditional connotation as well as a

specific definition in the Federal Air Regulations (FARs), and was clinically useful and

c .. sistent with the identification of individua•s who are a threat to aviation safety. This

charge in terminology necessitates new guidelines concerning the approval or denial of

certification of pilots with either of these diagnoses.

A tiArd problem concerns the psychotic disorders, which are no longer list ed as a

category in DSM IIL Whereas these conditions as a group could previoasly be listed as

disqualifying, DSM II1 has developed new categories, such as borderline and schiczotypal

personality disorders, which include diagnostic criteria that would previously have been

considered evidence of psychosis, The result was to remove certain psychosis-lake

conditions from a category that always was disqualifying and place theim in the group of

personality dLsorde rs.

For these and other reasons, -some consideratic*& was given to retaining DSM II for
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the purp Yse of the FARs. However, because DSM M is nov so widely accepted, desp.te

its arguable deficiencies this would not be an acceptable solution. Rather, the FARs

should state the limitations of DSM Mll for regulatory purpos•- and support diagnoses

based upon good clinical judgment, even though it may not be tossible to document all of

the specific criteria. As not.ed in DSM M, the criteria 'are off exed as useful guides," and

"for most of the categories the criteria are based on clinical Judgment, and have not yet

been fully validated.* This wording, if included in the regulations, would legitimize this

approach, and make it possible to sustain in administrative hearings diagnoses that are

based upon sound clinica.l judgment.

Dkqulifyig Cm~lam

The standards for psychiatric conditions should be the same for all classes of

medical certificatioa. Mental disorders adversely affect judgment and behavior in ways

that cittp a potential hazard to others in the complex airway system. For this reason

the private pih.t with a mental disorder -presents a risk as 1w.4-'tially significant to

others as a commercial oilot.

o Substance use disorders

The- following conditions are diaiquaifying:

1. Alcohol abuse

Z. Alcohol dependence

3. Any other substance abuse, substance dependence or related

substance use disorders including, but not limited to, those associated

with barbiturates; other sedativeihypnotics; muscle relaxants; the

anxiolytics; opioids; central nervous system stimulants such as

cocaine and amphetamines; and hallucinogeas such as phencrclidine,

cannabis, and volatile solvents and gas".
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y The DSM HI makes a distinction between substance abuse, which is

the use of a substance without increased tolerance, and substance

dependence, which is the use of a substance with increased

tolerance. One should not view the former as a minor disorder and

the latter as a major disorder. In fact, many substance abuse cases

are more serious, more refractory to treatment, and have a poorer

prognosis than many substance dependence cases. The term,

"alcoholism,' has been replaced with the terms, "alcohol abuse* and

"alcohol dependt&'nce.' While it is not yet clear that these new terms

have any greater utility for prescribing treatment ot establishing

peognosis, they are nonethelesi more specific and do represent

current diagnostic practice.

The two-year period of sustained abstinence that ik, recommended for

the new standard may be too severe in some cases. Early treatment

of relatively minor cases is increasingly common, and some of these

pilotls could return saely to flight statut, at an earlier time if they are

carefully asessed and closely monitozed. Another problem with using

the criterion of a two-year ptriod of sustained abstinence is that it is

very difficult to prove or disprove. Other criteria for re cousideration

of certification might include continued involvecment with a

treatment program, episodic examirnation of body fluids for drugs or

for arga.ic damage from the drugs, with tests such a• the GGT or

mean corpuscular volume, or documentation of a stable life style.

Any and all use of illicit substances should be proscribed among

pilots. From an aeronautical standpoint there ame two critical
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hazards with such substances. First, no quality control measures

exist. Thus, a substance sold as "marijuana" may be dandylions laced

with phencyclidine; or 'amphetamines" may be caffeine laced with

strychnine. Second, unlike alcohol, the dose-effect relationships are

either unknown or extremely v~xiable. Some substances such as

alcohol and morphine produce fairly predictable central nervous

system effects in most iadividuals at low to moderate doses. This is

not true of substances such as cocaine, cannabis, amphetamines, LSD,

and phencyclidine.

Random urine tests should be considered as a regulation

reinforcement technique in airline pilots and controllers; the FAA

might consider doing a small study of urine tests during medical

examinations of randomly selected private pilots. Urine tests have an

advantage over blood tests in that they reflect the status of the blood

levels over a period of time. Many drugs will be detected in the urine

as long as Z4 hours after use, even when they are no longer detectable

in the blood. Amphetamines can be- detected as long as 48 hours after

use. Tetrahydroc-annabinol may occasionally be detected xwo to three

week -after the l2st use in a chronic abuser.

The himtory aM examination Form 8500 should be expanded to include

items reievant to drug abuse. Signs that indicate the presence of

substance abuse include trauma to the head, perforation of the nasal

septum, n'stagrmus, reddened conjunct ivae, coarse rales or ronchi,

enlarged or tender liver, unexplainied epilepsy begiing in an adult,

tremor and ataxia. Mental status items include dirty or disheveled

I -
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appearance; uncooperative, bizarre or inexplicable behavior; labile

mood; slurred speech; impaired memory; and difficulty with abstract

thinking. A formal mental status examination should he routinely

performed. We provide for the AME a short, four-item mini-mental

status examination that his appropriate complexity for a pilot

population. Should the applicant not answer all four items correctly,

we suggest the AME follow up with the mini-mental status

examination of Folstein, Folstein and McHugh (see appendix in the

recommended AME Guide mental and behavioral section).

The report by a professional of a substance-abuse problem should be

prepared by a psychiatrist who i skilled in the evaluation and

treatment of substance abuse and familiar with its manifestations.

7The psychiatrist's credentials may be -Lssessed by considering,

fellowship training in substance abuse, 3taff affiliation with a

substance abuse treatment program, association with related

professional groups such as the American Society for Alcoholism, and

clinical, teaching or research activities in substance abuse. The FAA

shnuld specify that the report contain a review of treatment records,

detailed history of pattern of substance use; psychosocial

consequences of use; a complete, formal mental status examination; a

description of associated psychiatric syndromes; and a complete

physical examination listing evidence of neurological abnormalities,

summarizing a psychological evaluation, and listing laboratory

studies.
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Recertification of individuals with a history of eubstance abuse,

substance dependence and related substance-use disorders should

require sustained total abstinence from alcohol for not less than the

preceding two years, and from other substances of abuse for not less

than the preceding five years; also there should be stable social and

occupational functioning and the absence of mental disorder or

psychopathology as demonstrated by psychiatric evaluation and

psychological testing. In selected individual cases judged to have an

excellent prognosis and if the means for careful monitoring exists, a

shorter period of abstinence may be acceptable.

o Psychotic disorders

The following conditions are disqualifying:

1. Schizophrenic disorders

Disorganized

Catatonic

Paranoid

Undifferentiated

Residual

Z. Paranoid disorders

Paranoia

Shared paranoid disorder

Acute paranoid disorder

Atypical paranoid disorder

3. Psychotic disorders, not otherwise classified

Schizophreniform disorder

Brief reactive psychosis
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Schizoaffective disorder

Atypical psychosis

Any active psychotic disorder should be grounds for disqualification.

The criteria for the schizophrenic disorders are emotional blunting,

social withdrawal, eccentric behavior, illogical thinking, and loosening

of associations. In addition, the paranoid disorders and the pervasive

developmental disorders should be disqualifying. Also, an individual

with a history of schizophrenia according to DMS iMi criteria should

not normally be considered for medical certification. It is recognized

that an occasional individual may have a single psychotic episode,

make a full recovery, have no recurrences and require no

medication. Such a pilot, who has been symptom-free, off medication

and making an excellent social and occupational adjustment for a

significant period of time, as reflected by superior or very good

functioning on DSM III Axis V, may be recertified on a special

issuance basis by the Federal Air Surgeon.

A pilot with a brief reactive psychosis may be recertified after two

years, and one with schizophreniform psychosis recertified after five

years if the individual remains symptom free, functions well in all

spheres, does not require medication, and has no residual symptoms

evident on psychiatric evaluation and psychological testing.

Psychiatric evaluation should confirm freedom from all signs and

symptoms of the illness, based upon a psychiatric history and a formal

mental status examination, including lesting for attention and

concentration, abstraction, and judgment. Psychological testing
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should confirm the freedom from any significant underlying

psychopathology and vulnerability to decompensation. Such

individuals should be re-evaluated periodically for several years after

recertification. Long term follow-up of this group would be useful in

establishing future policy.

o Affective disorders

1. Major affective disordera

Bipolar disorder

Major depression

Z. Other specific affectiva disorders

Cyclothymic disorder

3. Atypical affective disorders

Atypical bipolar disorder

Atypical depression

Bipolar disorders should be disqualifying. As with the schizophrenic

disorders, the regulations should contain no explicit criteria for

recertification, but cases could be considered on an individual basis by

the Federal Air Surgeon.

Major affective disorders tend to recur, and follow-up studies reveal a

significant relapse rate. Comparative studies of persons with bipolar

disorders, using lithium and placebo show relapse rates after one year

on placebo of 45-100% (mean about 75%) and 0-58% on lithium (mean

35%). Although lithium works well in many individuals, the risk of

relapse in the first year is still high. In depression, follow-up studies
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of one to three years duration point to an annual relapse rate of about

29%, and a cumulative rate of about 50%. The corresponding rates

with placebo are 40% and 77%. The literature may indicate different

results from those in clinical practice, because the use of

psychotherapy in clinical practice may make a major difference.

Also, persons who become study subjects may be sicker and not

typical of most persons with bipolar disorders.

Dysthymic disorders need not be listed specifically as a disqualifying

condition. They come under the category of disorders that should be

disqualifying if they are manifested by symptoms that might

adversely affect flying safety.

It is not possible to recommend that individuals taking heterocyclic

antidepressants or monoamine oxidase inhibitors be allowed to pilot

aircraft. One of the significant risks of heterocyclic antidepressants

is cardiac arrhythmia. Monoamine oxidase inhibitors also have a

significant risk of causing sudden incapacitation. Lithium has

potential central nervous system effects that create significant

risks. Certain individuals might be reconsidered for certification

while on these medications, if they have a long history of freedom

from symptoms, good functioning, absence of significant side effects,

and evidence of strict compliance with treatment. In the event pilots

are certified while taking lithium, periodic neurologic examinations,

including evaluation of cognitive functioning, should be required.
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o Personality disorders

The following types of personality disorders are disqualifying:

Paranoid

Schizoid

Schizotypal

Histrionic

Narcissistic

Antisocial

Borderline

Persons with personality disorders other than those listed above might be

certified if during the preceding five years they were free from any behavior

reflecting impaired judgment or creating legal or disciplinary problems, had

stable social and occupational functioning, and had no other mental disorder

or psychopathology as demonstrated by psychiatric evaluation and

psychological testing. Also, such individuals should have no evidence of

significant impairment on DSM MIt Axis V having implications for flying

safety.

The personality disorders represent a critical problem because of the

significant implications, for flying safety and the diffiWulties of assessment.

The basic hallmark of personality disorders is "diisordered behavior." One

does not observe the pathology in terms of formad mechanisms of cognition,

perception, and regulation of affect. In fact, such persons are likely to

demonstrate normal functioning on a mental status examination, on routine

psychometric tests and even on projective tests. It is only when the

individual is seen in action in real life that one observes problems and
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disordered and dysfunctional behavior. Thus, diagr.stic assessment and

prognostic evaluation are based on the history of the person's behavior in

ongoing life events. The problematic behavior may include aberr3nt

emotional reactions, processing of data or motor actions. The dysfunctional

behavior is the final common pathway of deficits in the appropr:ate

processing of internal and external stimuli. Stimuli are not appropriately

identified, held in abeyance for scrutiny, and evaluated and assessed in terms

of context; therefore, a reasonable set of alternatives for action are not

considered. Rather, one of two major responses occur: an immediate

stimulus/context bound response, or a stereotyped programmed response to

all stimuli, which ignores the uniqueness of the situation. The consequence

of the fizst response is "impulsive behavior," and the response to the second

is rigid, nonconforming behavior that is totally predictable.

Rountine psychiatric and psychological testing does not identify these

disorders. Observations of everyday life reactions by peers and supervisors

are the most important data in identifying personality disorders that

disqualify. Observations of pilot behavior during training and flight

simulation or in actual flight operations are critically important. Unusual

incidents, deviant flight actions, and questionable judgments often reflect

personality disorders. In seeking to assess the presence and significance of a

personality disorder, itews such as the following would merit further

investigation:

I. Unusual cognitive and affective attitudes and values: poor moral

judgment, poor problem-solving, high anxiety responses, untoward

emotional lability, and biased and prejudiced attitudes.
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2. Disturbances in social behavior: traffic violation tickets, crashes, bad

checks, overdrawn bank accounts, poor credit ratings, neighborhood

disturbances, unusual or conflictual behavior at social events, marital

or family conflict.

3. Pathological gambling, kleptomania, high risk stunts, thrill-seeking

behavior, isolated explosive behavior.

4. Disturbances in vocational behavior: poor interpersonal relations with

coworkers, peers, supervisors or subordinates conflicts with

administrative authorities; untoward inattention to or challenge of

policies and procedures.

Each of these pieces of behavioral evidence by itself does not necessarily

indicate a personality disorder. Rather it is the observation of chronic,

repetitive, multiple, diverse actions indicative of either impulsive or

stereotyped behavior patterns that establishes a data base for the diagnosis

of personality disorder.

It is obvious that no arbitrary line can be drawn between the normal

variations of personality organization or style and a psychopathological

personality disorder. Also, a person might have a personality disorder that

might not impair function as a pilot. For example, an obsesive-compulsive

man might have typical problems in maintaining an intimate relationship

with a woman, but be able to function effectively as a pilot. On the other

hand, an individual might have a nondiagnosable character style, yet exhibit TM
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flight stress responses that are pathological. For example, a passive-

aggressive pilot might shy away from a critical in-flight decision because of

fear of taking action.

In summary, personality disorders should be considered as a class of

potentially disqualifying disorders. Evaluation should stress ongoing

evidence of either stereotyped or impulsive response behavior. Evaluation

should focus on the functional significance of behavioral patterns for pilot

performance at an acceptable safety level including stress response

behavior. Clearly it is very difficult to make a diagnosis of personality

disorder during a periodic physical examination, in the absence of any

outside information about the individual's behavior. Any such information

from outside sources that suggests impulsive or stereotyped maladaptive

a behavior should be investigated. Any available incident reports, records of

arrest or legal proceedings, or medical records should be obtained prior to

evaluation of the applicant. This is important because an interview without

these data is likely to be worthless.

Routine psychological and psychometric testing is often unrevealing. The

Millon Clinical Multiaxial Inventory, which is an objective instrument for

diagnosing personality disorder, may be useful in the pilot population, and it

ahould be considered for use on an experimental basis.

0 Anxiety, somatiform and dissociative disorders

I• The following are disqualifying:

1. Anxiety disorders

Agoraphobia
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Panic disorder

2. Dissociative disorders

Psychogenic amnesia

Psychogenic fugue

Multiple personality

Depersonalization disorder

Atypical depersonalization disorder

Most individuals with panic disorders and agoraphobia will not attempt to

fly. Yet, because of the risk of sudden incapacitation from a spontaneous

panic attack, these disorders must be considered disqualifying. Individuals

with a history of panic disorder or agoraphobia who have sustained freedom

for at least two years from any symptoms that would be a hazard to flying

safety and who are taking no psychotropic medication may be certified.

While tricyclic antidepressants, monoamine oxidase inhibitors or

benzodiazapines are often successful in treating these disorders, the

medications constitute a risk for aviation due to psychomotor impairment,

the possibility of incapacitating symptoms if the drugs are not taken

properly or in the case of the monamine oxidase inhibitors, the possibility of

sudden severe side effects. Persons requiring continuing treatment with one

of these drugs should be disqualified. The rare individual who is symptom-

free for a period of two or more years while on medication, who has had no

significant side effects, and who has demonstrated exellent compliance

with treatment might be considereJ for recertification on an individual

basis. Follow-up on a regular basis wo-dd be required.

I -.
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Dissociative disorders are rare, but they cause such pervasive impairment of

judgment and performance that they must be considered disqualifying.

Routine recertification of individuals with a diagnosis of dissociative

disorder cannot be recommended because of the gross incapacitation caused

by the disorder and its common association with underlying psycho-

pathology. An exceptional case might be considered for recertification.

In most cases, simple phobias of objects or situations that are easily avoided

and that are not encountered in the aviation environment would be unlikely

to create any specific risk for flight safety. Phobias that carry some risk of

incapacitation can be handled by the regulatory statement covering other

mental disorders that make the applicant unable to perform aviation duties

safely.

J3eneralized anxiety disorders are characterized by persistent anxiety

w• hout recurrent spontaneous panic attacks. Impairment in occupational

functio.ing is rarely more than mild, and most persons in this category are

unlikely to constitute a risk to aviation safety. Individuals with severe

anxiety that might interfere with judgment and performance and that is

apparent to examiners because of a high degree of motor tension, autonomic

hyperactivity, and a history of impairment in functioning can be disqualified

under the provision of other cozIitio=s that make the applicant unable to

perform aviation duties safeiy. It is tua.ikely that individuals with such

symptoms would seek certification to fly. Individuals who require treatment

with anti-anxiety drug:- including bennodiazapines, must be disqualified. An

Aindividual who requires treatment with beta adrenrgc blocking drugs to
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control automonic anxiety symptoms should be disqualified, on the basis of XVi

the severity of the underlying disorder and on the potential of the drug to

cause central nervous system side effects.

Individuals with somatiform disorders are usually eager to prove they are

sick, not that they are heathy. Most of these disorders have an early age of

onset and a chronic course. '. is unlikely that persons with these disorders

would attempt to become quat5lied to fly, and the exceptions can be handled

under the provision for other disorders that make the individual unable to

perform flying duties safely.

Persons with mild obsessive-compu.lsive symptoms constitute no threat to

aviation. A degree of compulsiveness is necessary in aviation. Persons with

severe obsessive-compulsive disorders are unlikely to seek certification and

caL be disqualified =der the general provi-on for other conditions that

make the individual unable to perform flying duties safely.

Specific phobias. of flying usually constitute an administrative problem; and

4 arise when profesional flying personnel complain of developing phobias and

use them as a basis for seeking medical retirement or financial

compeusation. The natural history of simple phobias is that they usually

arise in childhood or adolescence and rarely have onset after early

adulthood. Con3equently, there is a high likelihood that either cons-cious

malingering or unconsciou3 secondary gain piays an important role when a

pilot s•eka economic compensatioe on the basis of flying 'phobia.'

Since simple phobias usually can be treated successfully with behavior .'
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therapy, the thrust of policy in this area should be towards vigorous

treatment and early return to duty and away from compensation for

disability. While a pilot who claims to develop a fear of flying should not be

forced to fly, this subjective symptom alone should not usually constitute a

basis for medical retirement.

o Disorders of impulse control

The following are disqualifying:

Pathological gambling

Kleptomaia

Pyromania

Intermittent explosive disorder

Isolated explosive disorder

e The explosive disorders are particularly significant because of the

occurrence of serious loss of control of aggressive behavior that is grossly

out of proportion to the precipitating circumstances. The other impulse

control disorders should -lso be considered disqualifying because they are

often associated with sianficiant underlying personality disorder and

psychopathology. No established criteria for recertification can be stated.

In rare instances, an individual with an established diagnosis of one of thes-a

disorders might be comidered for certification if tui:w: has been freedom

from symptoms and a high 1evel of social and occupational functioning f3r a

long duration, and there is evidence of freedom from other psychiatric

symptoms or underlying psychopathology based upon psychiatric and

psycl'.ological assessment.
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0 Disorders usually first evident in infancy, childhood or adolesence 'J

These disorders are included, since several of them will continue into

adulthood or, as in the case of eating disorders, way first manifest

themselves in adulthood. A history of any of the following disorders is

grounds for deferral pending further evaluation, which may include

psychiatric and psychological consultation:

Mental retardation (IQ below 70) or borderliue intellectual functioning

(IQ 71-84)

Attention deficit disorders

Conduct disorders

Eating disorders

Stereotyped movement disorders

Pervasive developmental disorders

o Organic brain syndrome

This category includes a heterogeneous group of disorders due to transient or

permanent dysfunction of the brain, associated with a wide variety of

emotional, motivational and behavioral abnormalAties. . history of or

current evidence of these disorders is cause for deferral pending psychiatric

and psychological testizg, to include appropriate tests of intellectual

function•.

PFchiatric a Psycblogal Evalatio

The Federa! Air Surgeon, in making determinations about medical qualificatio,-s

A foi flying, relies upon psychiatric and psychotigical evaluations. Since these evaluations

• are. conducted outside the more customa•y confidential atmosphere of a therapeutic

relationship and may not be entirely familiar to many psy-chiatrists and psychologists, the

IV - Z8



professionals who are called upon to conduct them should receive written instructions

about the procedure, its purpose, and the type of information that should be obtained.

The report from a psychiatric evaluaLion should document specifically all past

psychiatric history and any significant past behavior. The history should be supplemented

by a review of all available medical records that have been obtained by the Federal

Aviation Adm-nistration. Apoarent inconsistencies between the known history and the

applicant's statements, or overt contradictions within the interview itself, should be

probed in depth. Statements about the applicant's apparent reliability, rather than a

blanket acceptance of the applicant's unverified statements, are helpful. The report

should include the following:

1. Current or recent psychiatric symptoms, aberrent behavior, or psychiatric or

other medical findings;

Z. A review of the applicant's past and current adjustment in the occupational.

marital and social aspects of life;

3. The need for or the use or abuse of any pharmacologically active agent,

either for therapeutic or recreation purposes;

4. Any personality traits or other unrecognized factors that affect the risk of

future occurrence of a problem or other adverse events;

5. The current psychiatric and psychological functional status and stability of

the applicant.

4
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ýn the evaluation of applicants with a history of alcohol or other substance abuse

or dependence, the specific subjects of inquiry to be considered by the examining

psychiatrists should be listed.

A battery of tests should be selected by a psychologist that is designed to answer

specific questions being asked by the examining psychiatrist; these might include the

Rorschach test, the complete Wechsler Adult Intelligence Scale (WAIS) and any other

additional tests that are considered appropriate by the psychologist.

The evaluations must be conducted by qualified psychiatrists and psychologists. A

qualified psychiatrist generally is one who has been certified by the American Board of

Psychiatry and Neurology or who has .a background tquivalent to board certification. A

qualified clinical psychologist generally is one who has earned a PhD from a clinical

training program approved by the American Psychological Association (APA), who is

licensed in the state in which he or she practices, and who is a diplomate of the

American Board of Professional Psychology. A qualified neuropsychologist should have

earned a PhD and should be trained in the specialty areas of neurospychology,

neurobehavior and clinical neuropsychology. He or she aiso should be a graduate from an

APA-approved clinical training program, be licensed in the state in which he or she is

practicing, and be a diplomate of the American Board of Clinical Neuropsychology.

Diagnostic Tests

o Clinical laboratory tests

Although diagnostic clinical tests, such us the dexamethasone suppression

test, are coming into use in psychiatry, they must be considered

experinental at this tima and cannot be recommended for rl'utine use as

part of the aviation wedicine evaliation.

Laboratory tests are increasingly valuable in identifying substance abuse and
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Y assessing recovery. Urine testing for drugs is widely available and relatively
inexpensive, and reflects the individuals drug use for the last 1Z to 48 hours.

A second group of tests reflects endocrine, nutritional and target organ

dysfunction caused by excessive drug or alcohol use. These tests remain

abnormal for some days, weeks or even months following excessive use.

They include the following:

1. Nutritional: low serum carotene, low folic acid, increased mean

corpuscular volume of red blood cells.

2. Endocrine: hypoglycemia or hyperglycemia, positive dexamethasone

suppression test, electrolyte abnormalities, high uric acid and low

blood urea nitrogen, and abnormal thyroid tests in clinically euthyroid

patients.

3. Hepatic: increased GGT and SGOT.

4. Bone marrow suppression: tests for decreased white blood cell count

and decreased hemoglobin.

o Mental status testing

Although psychiatric disorders are a major cause for denying certification,

and pilot error is a major cause of aircraft crashes, to date no routine

psychiatric examination or mental status examination has been required. A

simple, routine screening test of higher mental functions should be required

during physical examinations. In the AME Guide is a four-item examination
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of a c6mplexity that is appropriate for the pilot population.

The items come from psychological tests whose reliability and validity are

known. For example, the task of drawing figures that have been presented

and removed from view is a part of the Benton Visual Retention Test. 1 The

task of repeating 6 numbers is part of the digit-span test Wechsler Adult

Intelligence Scale-revised. 2 These tests are used in their full version by

psychologists in a clinical setting as part of a thorough mental evaluation of

an individual, and each test is scored according to scales that have been

validated by field tests. We are proposing that parts of these psychological

tests be used as a screening, rather than diagnositic, test for diminished

cognitive functions, and that only a perfect score be considered "passing" for

screening purposes. The validity of the use of mental status examination

questions in this manner is not known and the FAA may consider testing this

procedure on a small scale to determine its validity.

References

1. Benton AL: The Revised Visual Retention Test (ed 4). New York, The

Psychological Corporation, 1974.

2. Wechsler Adult Intelligence Scale-Revised. New York, The Psychological

Corporation, 1981.
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Lists of three items

Boat Pencil Table Shoe
Horse Fish House Phone
Whistle Banana Penny Picture

Three Serial Subtractions

13 from:
100 200 250

87 187 237
74 174 224
61 161 211

17 from:
100 zoo 250

8S 183 233
66 166 216
49 149 199

19 from:
100 zoo 250

81 181 231
62 162 212
43 143 193

Series of 6-digit
6-1-9-4-7-3
3-9-Z-4-8-7
5-3-9-4-1-8
7-Z-4-8-5-6
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~~ DEPARTMENT OF TRANSPORTAT7ON

FEDERAL AVIATION ADMINISTRATION

SPECIFICATIONS FOR PSYCHIATRIC AND PSYCHOLOGIC, L EVALUATION

The Office of Aviation Medicine of the Federal Aviation Administration develops

and enforces medical regulations establishing the criteria for medical certification of

more than 800,000 pilots and air traffic controllers. Portiornn of the, medical regulations

relate to mental disorders that may represent a significant threat to flight safety.

Certain conditions, such as psychotic disorders, panic disorders &-ad some personality

disorders, are specifically mentioned in the regixations a3 causes for denial of

certification. In addition, the Federal Air Surgeon is zequired to deny certification to a

person with any other mental condition that makeN, the applicant unable to perform the

duties safely or exercise the privileges of the airman certificate that he or she holds or

for which he or she is applying. The determination is to be based upon the case history

and appropriately qualified medical judgment relating to the condition involved.

The regulations also provide for the special issuance of a medical certificate to an

individual who has a mental disorder or a history of a mental disorder that would

normally be disqualifying, if he or she can show to the satisfaction of the Federal Air

Surgeon that he or she can perform safely the duties aithorized by the class of medical

certificate for which he or she is a)ý?lying. Psychiatric and psychological evaluations are

among the information coasidered by the Federal Air Surgeon.

It is obvious thl t evaluation for FAA medical certification is conducted ouside

the more customary.- confidential atmosphere of a therapeutic relationship. The

examinatian is condacted in an adversary manner, and the applicant is required to

participate in the evaluation process. Therefore, many applicants might think it to be in

their best interest to present biased pictures of their mental health status, if not to
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attempt to withhold information and distort previous histories. If the psychiatrist and

psychologist feel uncomfortable with the necessarily probing nature of the examination

and potentially adverse effect of their reports on these applicants, they are free to

refuse to engage in such evaluations. However, those who accept the responsibility of

performing the evaluations may feel they are undertaking a task that serves the public's

interest and safety, even if their services are being sought by the applicants.

The report should deal specifically with all past psychiatric history and any

significant past behavior. This history should be supplemented by a review of available

medical records, which have been obtained by the Federal Aviation Administration and

may be requested by the evaluator. Apparent inconsistencies between the known history

and the applicant's statements, or overt contraindictions within the interview itself,

should be probed in depth. Statements about the applicant's apparent reliability, rather

than acceptance of the applicant's unverified statements, are helpful.

The evaluator's report should include consideration of the following: 1) any

current or recent psychiatric symptoms, aberrant behavior, or psychiatric or other

medical findings; Z) a review of the applicant's past and current adjustment in

occupational, marital and social and other aspects of his life; 3) the use or abuse of any

pharmacologically active agent, either for therapeutic or recreational purposes; 4) any

personality traits or other recognized factors that might affect the risk of future

recurrence of the problem, or the risk of other adverse events; 5) the current psychiatric

and psychological status and stability of the applicant.

In the evaluation of an applicant with a history of alcohol or other substance abuse

or dependence, the factors to be considered would include: 1) the period of the

applicant's abstention from alcohol or other substances of abuse; Z) severity of the

problem and its duration; 3) number of times treatment was sought and that relapses

occurred; 4) an outline of the most recent trmatment; 5) presence of residual medical

complications; 6) progress in marital, social, vocational, educational and other spheres, 4%, NN
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since rehabilitation began; 7) commitment to rehabilitation by virtue of continuing

contacts with social or professional agencies; 8) any other personality difficulties that

would be disqualifying or that would adversely affect sustained abstinence.

While the examiner's diagnostic statements and opinions are desirable, the

decisions about medical certification are made by the Federal Air Surgeon with the

assistance of FAA psychiatrists and professionals who are not only aware of the

particular disorders but also familiar with the demands of the aviation enviroanment and

the levels of flying responsibilities. Therefore the examiner's recommendations about

certification are neither binding nor necessary.

The evaluation must be conducted by psychiatrists and psychologists who generally

have the following qualifications: A qualified psychiatrist is one who has been certified

by the American Board of Psychiatry and Neurology, or one who has the background

equivalent to board certification. A qualified clinical psychologist is one who has earned

"a PhD from a clinical training program approved by the American Psychological

* Association (APA), is licensed in the state in which he or she practices, and holds

diplomate status from the American Board of Professional Psychology. A qualified

neuropsychologist should have earned a PhD and have trained in a specialty area of

neuropsychology, neurobehavior or clinical neuropsychology. He or she also should be a

graduate from an APA-approved clinical training program, be licensed in the state in

which he or she is practicing and be a diplomate of the American Board of Clinical

Neuropsychology.

The evaluator's report, irnluding a copy of the test protocol, should contain a

_detailed psychological evaluation, based on an appropriate battery of tests that are

designed to answer specific questions; these might include the Rorschach, the complete

Wechsler Adult Intelligence Scale (WAIS), or the revised Wechsler Adult Intelligence

Scale (WAIS-r). In addition, any of the following tests could be adminirstered, depending

upon the nature of the referral:
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a. Thematic Apperception Test (TAT)

b. Sentence Completion Test

c. Minnesota Multiphasic Personality Inventory (MMPI)

d. Bender Gestalt Visual Motor Test

e. Graham-Kendall Memory for Desig " Test

f. Wechsler Memory Scale, form 1

g. Halstead Neuropsychological Battery

h. Halstead-Reitan Neuropsychological Battery

)@
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Hematology/Oncology

General Hematologic Conditions

The ability of blood to transport oxygen effectively to tissues is dependent upon

an adequate hemoglobin concentration and on the ability of blood to perfuse organs.

Abnormalities of this function are important in aviation safety for two reasons: (1) they

affect the transport oi oxygen from the lung to tissues, and (Z) they affect blood

rLheology ý.ich that debilitating or incapacitating organ infarcts can occur.

Hemoglobin is only one lin.k in the oxygen transport chain. The presence of

anemia, polycythemia, or abnormal hemoglobin must be placed in the context of the

other li-ýs. These include pulmonary function, cardiac output and its regulation, and

end-organ oxygen utilization. For example, anemic states can be compensated by

increased cardiac output in normal, persons, tut the limit of the compensation will vary,

depending on the presence or absence of heart disease and lung disease. Thus, it is

impossible to establish rigid criteria for acceptable hemoglobin concentrations in the

context of such interacting conditions. As a result, it is. difficult to state exact criteria

for denials and exemptions for medical certification of individuals with abnormalities of

the hematologic sys-tem. Instead, general guidelines are provided about potentially

dangerous conditions that need further evaluation:

1. The hematocrit must not fall outside the range stated in the standard if a

certificate is to be issued without further evaluation. The etiology of any

abnormality that leads to hematocrit values outside of this ra-Age must be

established and well documented.

?I. Some hematocrits that fall within the acceptable range, but that are still

N, ýNN~z low, should be evaluated further before a certiicate is issued.
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3. When abnormalities or diseases of other organ systems lead to hematological .-

abnormalities, the standards and guidellr es established for those conditions

must be met, as well as those established for the hematological

abnormalities.

4. When an applicant's meedical histcry suggests a previous or present

abnormality of red blood ceIs. white blood cells or blood platelets, the AME

must defer certification to the FAA for further evaluation.

Specific Hematologic Ca~itioms

0 Anemia

1. General considerations

Decreased hemoglobin concentration decreases the amount of oxygen

that can be carried in the blood. Various classification schemes for

understanding the physiology of disorders of anemia have been

proposed. The simplest and easiest to understand is based upon the

principle that anemia results from decreased red blood cell

production, accelerated red blood cell destruction, or red blood cell

loss. These processes may occur together or separately.

The body can compensate for anemia aa long as the hemoglobin

concentration is at least 10 g/41 or the hematocrit is at least 30M.I

However, in the presence of heart diLsease, lung disease or peripherai

vascular disease, the ability to compensate i3 somewhat less.

Furthermore, the decreased oxygen tension that occurs at altitudes

thousands of feet above set level that are commonly reached 41

general aviation also affects the body's ability to compensate. Thus, -
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we recommend a hematocrit of 32% as the absolute minimum for

certification, and that hematocrits of less than 38% for males and

360% for females should be evaluated for etiology.

Z. Iron deficiency

It is imperative that the cause of iron deficiency anemia be

determined, particularly in males, because of its association with

intestinal malignancies and peptic ulcer disease. If the cause is

identified and is not disqualifying, and treatment is undertaken, a

certificate may be issued when the hematocrit is greater than 3Z%.

3. Vitamin B and folic acid deficiency

The etiology must be established, and the candid&*- must be examined

"by a neurologist to exclude impairment that might Lterfere with

dairman's duties. After restoration of body stores of vitamin BIZ or

folic acid, a certificate may be issued. Class 1M! certificate holders

should be re-examined annually. For individuals found to have a

lifelong requirement for vitamin Biz replacement, reports from their

physicians showing strict compliance with treatment programs should
be required. Such treatment must include the parenteral

administration of 1000 micrograms of vitamin B1z by injection at

least once each month. Persom with a lifelong requirement for

vitamin 8 often are noncompliant and sig.s and symptoms of

pernicious anemia may recur.

4. Anemia of chroaic disease

14 The underlying disease must be identified and evaluated because it is
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a potential reason fee a denial of certification. If the hematocrit

standard is satisfied, a certificate may be issued.

5. Sideroblastic anemia

Only carriers of the familial type should be certified, i,nd then only if

the hematocrit guidelines are satisfied. Sideroblastic anemias that

result from alcoholism, malignancies, or drugs should be -.valuated

under the recommendations for those specific problems. The entire

spectrum of "acquired sideroblastic anemias," *myelodysplastic

syndromes* and *chronic refractory anemias," is automatically and

permanently disqualifying due to the known propensity for acute

leukemic transformation that often occurs suddenly and without

warning. Frequently, an elevated mean corpuscular volume (MCV)

may be noted in low grade anemias, and auch individuals wihl have -

.normal falic acid and vitamin B17 blood leve-ls.

6. Alcohol dependence or abuse

Anemia, due to Alcohol depsndence or abuse should be considered

under the hematocrit standar4, and the alcohol depeadence or abuse

should be evaUlated under the r.commendations for those disorders.

An MCV above- 100 cubic microns may bW the o.arliest sign of alcohol

dependence or at-us,.

7. Hemofysis

The etiol-•y of her.toiytic aw-_mia must bh established. 11 the

hemolytic anemia is acquire-d the undirl.in curditiona must be

evaluated and tzeated. Congenital hemolytic anemia that is not due •
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to a hemoglobinopathy, and that has not caused the hematocrit to fall

below 3Z%, is not a cause for denial.

A person with hereditary spherocytic anemia should not be denied

certification if a splenectomy has been performed. Glucose-6-

phosphate dehydrogenase (G6PD) deficiency is not a cause for denial,

anless there is a history of severe hemolysis iu the presence of

oxidant drugs that results in a hematocrit of less than 3M%.

Microangiopathic hemolytic anemia should be evaluated according to

the guidelincs established for the conditions causing it, such as the

malignanciesi. In individuals with chronic autoimmune hemolytic

anemia, denial of certification should he automatic and permanent

because of the unpredictable nature of decompensation, often with

devastating effect.

8. Other conditions

Other conditions that are either rare or of obscure etiology should be

evaluated on an individual basis. These include paroxysmal nocturnal

hemoglobinu~ria, porphyr.a, and other rare causes of reduced

hemrglobin concentration, red tcell synthesis, or red cell destruction.

S0 Polycythemia

1. General considerations

Increased hemoglobi. concentration increases the viscosity of the

blood and, therefore, the resistance to flo'- of the blood. Wlhex the

hematocrit is abnormally high, decreased cerebral blood flow is

S - particularly dangerous, and the risk of cerebrovascular accident is
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elevated. Regardless of the cause of the polycythemia, there is good

evidence that cerebral blood flow and some mental functions decrease

continuously and in linear fashion as the hematocrit increases. There

is no absolute elevated hematocrit value belew which these findings

do not occur. Conversely, the evidence is strong that tre°,tment to

reduce the hematocrit is associated with a linear increase in cerebral

blood flow and improvement in intellectual function. These data

refer to people at sea level under normal ambient oxygen tension and

having no associated cerebrovascular disease.1-4

There is a known tendency for the hematocrit to increase in normal

individuals who reside at altitudes above sea level. However,

sufficient data are not available to establish criteria for normality.

According to the National Center for Health Statistics, the 95th

percentile of hematocrit for nonsmoking males over Z0 years of age

a. sea level does not exceed 500k at any age (See Figure). For

females the comparable hemtatocrit does not exceed 47%. Although

normal hematocrit3 will be somewhat higher at elevations above sea

level, very few normal persons will have hematocrits above 55%.

Thus, any male. or female who has a hematocrit above 55% should be

cieuied certification r~ending further investigation to establish tUe

etiology of the polycythemizn. If treatin-nt has. been undertaken, the

unm.erlying disorder is itself not disqualifying, and if the hematocrit is

less than 55%, a certificate may be issued. For holders of all classes

of certificates, yearly re-evaluation and certification of compliance

with the treaiment and follow-up regimen shoxld be required.
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2. "Spurious" (stress) polycythemia

Applicants in whom an elevated hematocrit is due to contracted

plasma volume may be issued certificates if the absence of true

polycythemia has been demonstrated by a red cell volume

determination, and if the hematocrit is no higher than 55%. A radio-

isotope red blood cell volume determination (red cell mass) should be

used in the evaluation of persons with an elevated venous

hematocrit. Some hematologists also suggest the simultaneous use of

red blood cell mass and plasma volume to determine whether there is

a true increase in red blood cell mass or only an artifact of increased

hematocrit caused by alterations in plasma volume or maldistribution

of plasma.

3. Cigarette smoking

Polycythemia associated with cigarette smoking should be

documented by measurement of carboxyhemoglobin concantration.

The hematocrit should be no more than 55% for issuance of a medical

certificate.

4. Polycythemia due to hypoxic lung disease

For polycythemia due to hypoxic lung disease, the guidelines for the

underlying lung abnormality must be followed for issuance of a

certificate; also, the hematocrit should be no greater than 55%.

Note: Persons whose polycythemia is due to stress, smoking or lung

disease and who are being treated to lower the hematocrit to
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acceptable levels, may be issued a certificate under special issuance

procedures. At each recertification a letter from the responsible

treating physician certifying compliance with the treatment program

and follow-up regimen should be required. Follow-up should be at 6-

month intervals for all classes of certification.

5. Polycythemia vera

Persons in whom a diagnosis of polycythemia vera has been made

should be disqualified permanently. Treatment may lower the

hematocrit to acceptable levels, but the risk of thromboembolic

complications or of rapid unpredictable progression makes

certification not acceptable.

6. Erythropoietin-secreting tumors

Renal, hepatic, pulmonary, and cerebellar tumors are known to

secrete erythropoietin in some instances, and lead to polycythemia.

In these rare cases, the guidelines for the underlying malignancy

should be followed.

7. High-affinity hemoglobins - See the following section on hemoglobino-

pathies.

o Hemoglobinopathies and thalassemias

1 . General considerations

The hemoglobinopathies and thalassemias are heterogeneous sets of

disorders of hemoglobin structure and synthesis. Over 300 mutant

forms of hemoglobin are known, but only a few have clinically
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important consequences. The most severe and controversial are the

sickling disorders. These are particularly important in aviation

medicine, because of the unique property of sickle hemoglobin to

form aggregates at reduced oxygen tension. Applicants who may be

at increased risk should be questioned about sickle cell anemia and

related disorders in himself or herself and in the immediate family.

If laboratory testing is carried cut, it is imperative that procedures be

used that can differentiate among the various sickling syndromes,

such as SS, AS, and SA, S/B+ and S/Bo thalassemias, and double

heterozygous conditions in which hemoglobin S interacts with other

abnormal hemoglobins. Procedures include electrophoresis in two

systems and either a solubility test or a direct visualization of sickled

cells in conditions of oxygen deprivation ("the sickle prep"). The FAA

might seek the assistance of other governmental agencies, such as the

Centers for Disease Control or the National Institutes of Health, in

determining which tests would be sufficient for accurate

differentiation and which reference laboratories could be certified to

perform such tests for the FAA.

Z. Sickling disorders

All subjects with documet'ted sickle cell disease (hemoglobin SS)

should be denied medical certification.

3. Hemoglobin SC disease

These persons should also be denied certification because of the high

incidence of retinal hemorrhages and splenic infarction.
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4. S/B thalassemia

Persons with either S/B+ or S/Bo thalassemia should be denied

medical certification.

5. Hemoglobin AS (sickle cell trait)

These individuals should be certified unless other conditions disqualify

them. Splenic infarction can occur at altitudes in the 8,000 ft to

10,000 ft range, and persons known to have sickle cell trait should be

advised to pay strict attention to the use of supplementary oxygen.

Also, they should be informed about the risks and symptoms of splenic

infarctions.

6. Other double heterozygous conditions involving hemoglobin S

No generalizations can be made. If the presence of hemoglobin S and

another hemoglobin is known, the subject should be carefully

evaluated to determine the exact diagnosis. In general, if the

candidate has no symptoms or history of vaso-occlusive disease, and if

the hematocrit is within the acceptable range, then a medical

certificate may be issued.

7. Polycythemia due to high affinity hemoglobins

These disorders are very rare, and little is known about their natural

history. Although stroke and other vaso-occlusive problems have not

been demonstrated convincingly, hematocrits over 55% carry the

same risks as discussed for other polycythemias. Certification of

these persons should be denied permanently.
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8. Unstable hemoglobins

Unstable hemoglobins that do not result in anemia and whose carriers

do not have splenomegaly should not lead to certification

restrictions. In those cases in which splenomegaly exists or existed

before splenectomy, certification should be denied.

9. Thalassemias

Simple, uncomplicated beta thalassemia trait should not be a basis for

denial of certification. Likewise, a thalassemia trait in which the

only manifestation is microcytosis, in the absence of hemoglobin H,

should not be denied. If a candidate with hemoglobin H meets the

criterion for hematocrit, he or she should also be certified. Persons

with homozygous beta thalassemia and thalasaemia intermedia, in

whom there is biochemical evidence of beta thalassemia trait,

splenomegaly or mild hemolysis, should not be certified.

10. Other hemoglobinopathies

Other rare hemcglobinopathies cause cyanosis or

methemoglobinemia. Carriers of these abnormalities are almost

always aware of their conditions and will not be likely to seek

certification. If they do, it should be denied.

o Coaulation and thrombotic disorders

1. General considerations

Applicavits with inherited disorders of coagulation should be

disqualified if there is any history of factor replacement or serious

bleeding episodes. ,.-

IV- 50



S2. Hemophilia

Applicants with Factor VIII deficiency should be denied

certification. Applicants with von Willebrand's disease should be

denied certification if there is history of factor replacement or

serious bleeding episodes. Applicants with other specific factor

deficiencies should follow the same criteria.

3. Iatrogenic thrombosis

These cases are local thrombotic episodes associated with intravenous

needles or catheters. After anticoagulant therapy has been

discontinued, the applicant need not be disqualified.

4. Deep vein thrombosis

Q-7- A history of deep venous thrombosis should be disqualifying for a

period up to one year from the episode, and for 6 months after all

anticoagulant therapy has been discontinued. Any underlying

contributing factors, such as malignancies, must be evaluated

according to the criteria for those conditions.

5. Pulmonary embolism

A history of a single episode of pulmonary embolization, not

associated with chronic deep venoua thromboris3, should be considered

disqualifying from the date of the embolization and for at least 6

months after all anticoagulant therapy has been discontinued.

6. Multiple pulmonary emboli

SIf an applicant has had more than one episode of pulmonary
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embolization documented by radio-isotopic or angiographic methods,

no certificate should be issued. Even if the candidate is currently not

taking anticoagulant therapy and meets the criteria in paragraphs 4

and 5 above, the occurrence of more than one discrete episode of

pulmonary embolization should be permanently disqualifying.

7. Recurrent arterial emboli - Disqualifying under any circumstances.

8. Anticoagulant medication

Regardless of dose, route, or reason for administration, the use of

anticoagulant drugs of the heparin class or coumadin/warfarin class

should be disqualifying while they are in use and for 6 months after

they are discontinued. The use of aspirin alone for its prophylactic,

antiplatelet effect should not be considered disqualifying unless the

underlying condition itself is disqualifyi•g. Antiplatelet agents of the

dypyridamole or sulphinpyrazone classes, or yet-to-be marketed

antiplatelet agents, also shm.dd be conAidered nondisqualifying while

being used either by themselves or in combination with aspirin. The

AME and FAA should inquire carefully about the conditions for which

medications are being taken, and letters from the responsible treating

physicians concerning diagnosis and treatment should be obtained.

9. Hemorrhagic platelet abnormalities

A decreased circulatii•g platelet count due to any cause may result in

debilitating hetnorrhagic episodes. Hemorrhage can also occur when

platelet counts are normal but platelet function is abnormal. if

platelet abnormalities are suggested by history, the AME should defer •
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the application, pending a more thorough investigation by the FAA.

Quantitative platelet disorders in which the platelet count is below

75,000/mm3 should be disqualifying permanently. These disorders

include the hypoproliferative disorders, disorders of ineffective

thrombopoiesis, disorders of abnormal platelet distribution and

disorders of abnormal platelet destruction. An applicant with

idiopathic thrombocytopenic purpura MTP), who has previously been

treated by splenectomy and who has had stable platelet counts for 6

months after therapy has been discontinued, may be considered for

special issuance. Platelet counts should be repeated at 6-month

intervals. Applicants who have had thrombocytopenia due to

abnormal destruction or consumption, as with disseminated

7 intravascular coagulation (DIC), vasculitis, or thrombotic

thrombocyt(.penic pupurpa (TTP), should be denied certification

permanently.

Persons with thrombocytos~s greater than 750,000/mw3 should be

disqualified. Some temporary episodes of thrombocytosis can occur in

persons with underlying iron deficiency anemia or other temporary

disorders such as recovery from alcoholic bone marrow suppression.

If there is temporary, secondary thrombocytosis that has resolved and

platelet counts have been consistently normal, special issuance may
be considered. Patients with 'sesential throwbocytosis without

apparent explanation, who continue to have platelet counts above

•" .. 750,000/mm 3 , should be permanently and automatically disqualified.
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Hematologic Neoplasia

Since hematologic neoplasias are serious systemic disorders and often are

associated with chronic and sudden incapacitation, certification of an applicant with a

hematologic neoplasm should be denied by the AME, and decisions regarding fitness for

flying sbould be made by the FAA with appropriate consultation from specialists.

Individuals with histories of hematologic neoplasia not requiring continuous therapy may

be certified to fly; however, adequate follow-up and reassessment is necessary because

of the risk of relapse and/or progression.

"N. Individuals receiving cytotoxic chemotherapy should be declared unfit to perform

as pilots, because the use of cytotoxic chemotherapy implies a serious, progressive

disorder. Also, cancer chemotherapy itself can cause anemia, thrombocytopenia, and

granalocytopenia, all of which could precipitate an acute incapacitating event. Thus, the

risk of sudden incapacitation in an individual taking cancer chemotherapy is too great to

permit certification.
"Similarly, the use of glucocorticosteroids as therapeutic agents in hematologic

disorders should preclude certification. Pharmacologic d~ses of corticosteroids often

lead to incapacitation, such as toxic effects an the cereb.um, which can cause sudden

and unexpected alterations in mood and mentation. Also, when corticosteroids are used

to sVppress lymphoid malignancies and to control autoimmune thrombocytopenia and

anemia, there can be sudden loss oi control and acute anemia or thrombocytopenia with

bleeding can occur.

S0 Leukemias

1. Acute lymphocytic leukemia

A person with the diaguosis of acute lymphocytic leukemia (ALL) as

an adult should not be certified. Although treatment is effective, the .
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relapse rate is high and long-term survival is presently uncommon. A

history of ALL during childhood should not preclude certification, but

the applicant should be deferred to the FAA for a thorough evaluation

by a hematologist or oncologist. Approximately 50% of children with

ALL are cured of their uisease. To be certified an individual must

have had ALL treated only as a child and be in complete remissioa

without any treatment for at least 10 years.

Prior to initial certification, a careful and detailed neurological

evaluation by a qualified neurologist should be done, as well as a

psychiatric or psychological evaluation, especially in applicants who

have had cranial irradiation. The individual should be re-examined

every 6 months because of the risk of a second maiignancy and

relapse. If the individual has had cranial irradiation, particular

attention should be paid to re-examination of the neurologic system

and mental status, because the late effects of cranial irradiation can

affect mentation and performance.

Z. Acute myelogemous leukemia

Acute myelogenous leukemia (AML) or acute nonlymphocytic

l.-etukemia ss a vert Žious disorder; long-term survival is uncommon.

Treatment ii effective, yet the relapse rate LS high and remizsions

last only about 15 months on the average. Thus, a diagnosis of AML

s.iould result in permanent denial of certification.

3. Preleukemia or myelodysplastic synmuimes

The preleukemic or invelodysplastic syndromes are ' group of
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hematopoietic disorders that frequently evolve to acute myelogenous

leukemia. They are characterized by hypercellular bone marrow and

various degreeb of peripheral blood cytopenias. Persons with these

conditions are prone to infection and bleeding. Because of the

relatively poor prognosis and high risk of sudden incapacitation,

individuals with these disorders should not be certified (see also the

discussion of sideroblastic anemia).

"4. Chronic myelogenous leukemia and myeloproliferative syndromes

An applicant with a confirmed diagnosis of either Ph chromosome-

positive or -negative chronic myelogenous leukemia (CML) should be

denied certification permanently. While an individual may functiou

normally during the chronic phase, the development of a "blast crisis'

is unpredictable and may be sudden. Also, most individuals with

chronic myelogencus leukemia in the chronic phase require cytotoxic

chemotherapy. Persons with related myeloproliferative syndromes,

4 such as essential thrombocythemia and polycythemia rubra vera, also

should be disqualified. In these latter two conditions, the risk of

thrombosis, bleedin&g, or wudden neurologic deficit is prohibitively

* high.

5. Chronic lymphocytic leuke-mia

,A. A common stagiag system for chronic lytnphoctyic leukemia (CLL) is

as follows:

Stagt 0 -bane marrow and blo-d lymphocytosis only

Stage I - lymuphocytosia wit~h cularged nodes

IV -56



Stage II - lymphocytofis with enlarged spleen or liver, or both

Stage MT - lymphocytosis with anemia

Stage IV - lymphocytosis with thrombocytopenia

Individuals with disease iri Stages II through IV should not be

certified. In these stages cf the disease cytotoxic therapy is often

necessary and the c..topenias present a serious risk of sudden

incapacitation. Persons with Stage 0 and Stage I disease may be

certified, providing there is no hemolytic anemia and no requirement

for chemotherapy or corticosteroids. Re-examination at intervals of

three months should be required, with documentation by the treating

physician of physical findings, laboratory status, and compliance with

the follow-up program. T- or B-cell CLL should be treated in the

Ssame way. Because the individuals may progress from one stage to

another unpredictably, frequent reassessment will be necessary to

determine the stability of the disease.

7. Hairy cell leukemia

Hairy cell leukemia may be clinically benign, and persons with this

diiorder may live for decades with no impairment. Other forms of

the disease, however, are more aggressive. Individ-uals who are stable

after splenectomy, or without treatment. 5 or with chronic low-dose

interferon treatment, and who have normal hemoglobin and platelet

counti and more than 750 granulocytes/mm3 may be fit to fly. They

should be re-examined every three months and recertified at 6-month

intervals.
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Airmen requiring treatment for progressive disease should not be

certified. These individuals are at risk of developing sudden

cytopenias and opportunistic infections that may lead to acute

incapacitation. Thus, the need for therapy other than splenectomy or

"nterferon should preclude certification. Such therapy includes, but is

not limited to lithium, androgenic steroids, leukapheresis, and

cytotoidc drugs. Because an individual's condition may deteriorate

unpredictably, frequent reassessment will be necessary; and at each

recertification a statement from the responsible physician should be

required that the patient is compliant with treatment and the foUow-

up program.

0 Lymphomas

1. Hodgkin's disease

Hodgkin's disease is a serious but often curable lymphoid neoplasm.

Because of the risk of sudden incapacitation, individuals with active

Hodgkin's disease or individuals undergoing therapy for Hodgkin's

disease should not be certified. Since cure rates in stages I and II-A

are as high as 95%, persons with these stages who have had no

evidence of disease for two years after coimpletion of treatment are

,. certifiable. Persons with disease in Stages I1-B through IV-B are also

. curable, although their prognosis may be poor. About 60% to 75% of

persons with disease in Stages lu-B, IV-A and IV-B that is treated with

standard chemotherapy will achieve complete remission. The median

duration of remission is in excess of three and one-half years. Also,

at least half of those per-sons who respond completely ta treatment

will be cured. Persons with bone marrow involvement and have a poor
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prognosis and are rarely cured.

Thus, persons with disease in Stages 11-B through IV-B should be free

of disease after completion of therapy for at least five years before

consideration for certification, and they should be re-evaluated every

6 months for 10 years. There are numerous long-term complications

of treatment for Hodgkin's disease, including the development of

acute leukemia and second malignancies of other types, radiation-

related heart disease, pulmonary fibrosis, and hypothyroidism.

Frequent re-evaluations, even in applicants with long intervals of

disease-free survival, are required. After 10 years there should be

annual appraisals.

Z. Non-Hodgkin's lymphoma

Persons with well-differentiated and poorly-differentiated

lymphocytic lymphoma, mixed lymphocytic lymphoma, and histiocytic

lymphoma oZ either the nodular or diffuse type, are usually not

curable, and these individuals should be disqualified permanently from

certification. Persons with B-cell, diffuse histiocytic lymphoma,

particularly in the early stages, may be cured by radiation therapy

and/or chemotherapy and, if they are free of disease without therapy

for at least three years, they may be certified with re-evaluation to

occur every three months for three years and then every 6 months.

Persons with T-cell, diffuse histiocytic lymphoma, including

immunoblastic lymphoma and T-cell lymphoblastic sarcoma, should

not be certified because of the high degree of malignancy of these

disorders and their unpredictability. Similarly, persons with Burkitt's
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lymphoma should not be certified.

3. Mycosis fungoides and Sezary syndrome

Mycosis fungaides and Sezary syndrome are chronic neoplastic

disorders involving mature helper T-cells. The disorders are not

curable, although in early stages the disease may cause little

impairment. A TNM staging system has been proposed for mycosis

fungoides (Bu_- PA Jr, Lamberg SI: Report of the committee on

staging and clzsfication of cutaneous T-cell lymphomas. Cancer

Treatment Repo.'t 1979;63*725-7Z8). Individuals with visceral disease

of N3 or T 3 stages or greater should not be certified. Persons at

lower stages requiring only local therapy for skin disease, in whom

there is no systemic impairment, may be certified but should have

careful follow-up. 'Persons with a compromised hematopoietic system

or requiring cytotoxic therapy are not certifiable.

o Plasma-cell dyscrasias

Persons with multiple myeloma, Waldenstrom's macroglobulinemia or

multiple plasmacytcmas should not be certified. These disorders are not

curable, require frequent therapy that is toxic, and are associated with side

effects such as neurologic impairment that may lead to sudden

incapacitation. Persons with a -iingle plasmacytoma may be cured and, if

they are free of disease more than three years after therapy has been

discontinued, they may be considered for certification with frequent follow-

up. Persons with benign monoclonal gammopathy with a monoclonal spike

comprising less than Z g/dl of protein, with fewer than 5% plasma cells in

the bone marrow, and with no hematopoietic compromise or osteolytic
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lesions, may be certified if they have no evidence of progression of the

disease for three years; they should be recertified every 6 months. The

major risks of monoclonal gammopathy are progression to multiple myeloma

and an increase in serum viscosity leading to neurologic impairment.

Persons with amyloidosis associated with plasma cell dyscrasia should not be

certified because of the high incidence of organ infiltration and the risk of

sudden impairment. Persons with gamma or alpha heavy chain disease should

not be ceitified; the median survival is approximately 1Z months for gamma

heavy chain disease, and the alpha chain disease is often associated with

abdominal lymphoma, which is a progressive and fatal disorder. Mu heavy

chain disease is rare and may be associated with chronic lymphocytic

leukemia. Those individuals whose disorder resembles lymphoma or multiple

myeloma with amyloidosis should not be certified. Persons with cold

agglutinin disease should not be certified because of the risk of sudden

hemolysis. Persons with cryoglobulinemia associated with myeloma and

persons with the mixed cryoglobulinemia syndrome should not be certified

because of the risk of sudden vascular incidents and neurologic dysfunction.

o Immunodeficiency syndromes

The criteria for the diagnosis of acquired immunodeficiency syndrome (AIDS)

include:

1. immune deficiency with no specific known cause;

Z. a history of opportunistic infections;

3. Kaposi's sarcoma;

4. age under 60 years.

Criteria for the diagnosis of lymphadenopathy syndrome include:
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1. enlarged lymph nodes (excluding inguinal) with no apparent

cause;

Z. being in a high risk group for AIDS;

3. adenopathy present for more than 6 months.

Since 198Z, when these criteria were established, the human T-cell

lymphotropic virus type iiI/lymphadenopathy-associated virus (HTLV I/LAV)

has been recognized as the cause of AIDS. Thus, in June 1985 the Centers

for Disease Control expanded the definition of AIDS to include a positive

serologic or virologic test for HTLV Mi/LAV in conjunction with other serious

di-ases such as disseminated histoplasmosis, isosporfsis, bronchial or

pulmonary candidiasis, non-Hodgkin's lymphoma of high-grade pathologic

type, and confirmed Kaposi's sarcoma in person's who are 60 years of age or

older. The CDC also recognizes that there are other, milder forms of

disease caused by HTLV MI/LAV that cannot be classified as AIDS such as

AIDs Related Complex (ARC). Individurls may also exhibit serologic

evidence of exposure to HTLV I/LAV and have no symptoms; these persons

may be infective for years. (CDC: Revision of the case definition of

acquired immunodeficiency syndrome for national reporting-United States.

MMWR 1987,34:373-375).

Clearly our understanding of AIDS, lymphadenopathy syndrome and other

manifestations of HTLV II/LAV infection grows and changes quite rapidly.

At present we recommend that persons with the AIDS should not be certified

because of the high risk of opportunistic infections, which can appear

suddenly and cause acute incapacitation. Persons with the lymphadenopathy

syndrome without evidence of previous opportunistic infection may be
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certified with follow-up every 6 months. Persons who have undergone bone

marrow transplantation should not be certified because of the risk of sudden

opportunistic infections or late effects of radiation therapy. The FAA

should follow closely the developments in AIDS research and review these

recommendations accordingly.

Persons with common variable immunodeficiency who do not have

bronchiectasis and who are controlled with regular gamma globulin therapy

may be certified, but they should be re-evaluated every 6 months.

o Generalized lymphadenopathy and splenomegaly

There are a variety of disorders characterized by generalized

lymphadenopathy and/or splenomegaly, some of which are not associated

~1~ owith abnormalities of leukocytes or immunoglobulins. Various non-neoplastic

disorders, infections, inherited immune deficiency diseases, acquired immune

deficiency diseases and other generalized reactive processes may be

associated with splenomegaly or lymphadenopathy. An individual with these

Physical findings warrants deferral for careful evaluation to rule out

disqualifying conditions.

Nonhematologic Malignancies

In th-. interest of aviation safety malignant disorders must be considered

individually according to the predictability (or lack thereof) of incapacitating events

associated with the disease or its treatment. Basic to the understanding of the natural

"history of maligaant d6orders is proper classification and staging. The Manual for

Staging of Cancer, Second Edition, American Joint Commission on Cancer (AJCC), 6

states: "A classification scheme for cancer must encompass all attributes of the tumor
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that define its life history. The AJCC classification is based on the premise that cancers

of similar histology or site of origin share similar patterns of growth and extension." For

the majority of nonhematologic malignancies, the concept of a cancer's origination in a

particular location, with extension locally by direct extension, regionally via the

lymphatics, and distantly by blood and lymphatics provides a workable framework upon

which a simple classification scheme may be constructed. This scheme can provide a

framework for gathering and assembling data about an applicant with a history of

malignancy. The following is a summary of the AJCC staging scheme.

With most tumors the untreated primary cancer or tumor is first classified

according to its size, which is designated t y the capital letter "T" with various

subscripts.

The presence or absence of regional lymph node involvement is indicated by the

use of a capital 'N' with subscripts. Distant metastasis is indicated by a capital letter

""1M" with subscript and description of involved organs. For example, a small 1.5 cm

breast cancer nodule would be classified as T1 . If it is fixed to underlying pectoral fascia

or muscle, it is classified as T 1B. If no regional lymph nodes can be palpated a.d no

nodes seem to be suspicious for tumor, the 'N" classification would be N0 . If, however,

on chest radiograph pulmonary nodules indicative of metastatic disease were seen, the

"M" classification would be M1 (PUL), for pulmonary. If the metastatic evaluation were

negative, the "M" classification would be M0 . The clinical stage of the tumor for the

T B N0 M0 'reast tumor would be Stage 1. For the TIB No M, tumor with the presence

of metastatic disease in the lung, the clinical stage would be Stage IV.

For many tumors the histologic grades of well-differentiated, poorly- and very-

poorly difftrentiated provide some idea as to virulence and potential for relaspe, and

have a bearing on expected clinical course. Cancer stagiag schemes may be based upon

clinical measurements, in which case the TNM classification is preceded by the small

letter 'c.' The breast cancer example above would be Stage I clinically, or cT 1B N0 M0 .
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After surgical treatment a pathological staging system can be used. In addition,

there is a surgical-evaluative staging system, a re-treatment staging system, and an

autopsy staging system.

The natural biological history of cancer is based upon the theory that at some

point in the person's life an event occurred that created a malignancy and the cancer

process began. Generally, theira is a silent or latent period during which tumor growth

occurs and tumor burden and tumor size increase. Often, prior to the period of clinical

manifestation, primary lymph node involvement occurs, invasion of blood vessels and

lymphatics begins, and microscopic dissemination occurs. As the period of clinical

manifestation proceeds, tumor burden can increase, and distant metastases manifest

themselves.

With early cancer detection the malignant process can be ascertained by physical

examination or diagnostic study early in the period of clinical manifestation. When a

malignant process appears to be localized according to the TNM clinical staging process,

N the majority of cancer treatments are directed toward 'local control, which, depending

upon tumor size. iccation, and histologic type, may consist of surgical treatment,

radiation treatment, or a combination of the two. With certain localized tumor types or

more advanced size, chemotherapeutic agents may be used preoperatively or

postoperatively in combination with radiation.

In addition to 'lecal control,* some persons with malignant disease that has a high

likelihood of local or distant relapse may be given adjunctive radiation or

chemotherapy. This is commonly done for petsons with Stage II or higher carcinomas of

the breast.

Therefore, the a-sessment of the impact that a malignant proce-•s may have on a

pilot applicant requires not only consideration of the organ of origin and the clinical or

surgical stage, but also the tieatments that are being or have been used to accomplish

the 'local control."
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Most surgical procedures for cancer should disqualify an applicant for aviation

flight duties for a variable time, depending upon the extent of surgery and the site of

operation. Individuals should not be considered qualified for piloting of any type for at

least one to two months following any craniotomy, thoracotomy, or opening of the

abdominal cavity, even for nonmalignant lesions. In the reduced atmospheric pressure at

flight altitudes, small, usually insignificant collections of air, gas, or hematomas could

cause pain or incapacitation. Otherwise, after complete healing, assuming that major

organ dysfunction does not exist, a surgical procedure itself should not be considered

disqualifying for flight. The condition for which the surgery was performed, however,

might be disqualifying.

The use of cytotoxic chemotherapeutic agents should be considered incompatible

with flying, Such chemotherapy indicates a serious underlying disorder. The therapy

itself can lead to anemia, thrombocytopenia, and granulocytopenia, which could

precipitate an incapacitating event while flying. In addition, nausea and vom°4-ing are

well-recognized, widely-accepted and predictable side effects of cancer hemotherapy

that way create difficulty in performing flight duties.

As with hematologic neoplasms, the use of corticosteroids for solid tumors,

iregardless of dose, should be disqualifying. Also, unpredictable toxic effects can occur

with pharmacologically high doses of female or male hormones.

Radiation therapy is generally delivered to a localized area over a "Inite period of

time. The immediatt side effects of nausea, blood count depression, and other dose-

related toxicities uzually disappear within a few weeks after completion of radiation

"treatment. Thus, during the course of radiation therapy, and for a reasonable time

thereafter, an individua.l should be conmidered unfit to fly.

In general, we recommend that the staging system for cancers be used to evaluate

the fitness of individuals with a solid tumor to pilot an aircraft. However, tWe

consultants on this medical standards review project could not agree completely on the
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disposition of individuals with certain stages of certain neoplasms. Therefore, in the

following discussion of specific tumors we will present the conflicting views.

o Neurological tumors

1. Brain tumors

The diagnosis of primary or metastatic malignancy to the brain should

be permanently disqualifying. One-third of all persons with malignant

brain tumor experience seizures, which are unexpected and totally

incapacitating. Survival rates for malignant gliomas approach 20%

after one year. Disability due to therapy is high.

2. Spinal cord tumors

Diagnosis of either primary or secondary spinal ccrd malignant tumors

should be disqualifying for certification. Small masses may produce

very rapid and extensive neural dyrfiuiction, and there is a risk of

rapid recurrence after therapy.

3. Malignant tumors of the peripheral nervous system

Certification may be granted if no appreciable impairment results.

These tumors are not usually confined like the brain and spinal cord

tumors. The applicant ' be re-examined at 6-month intervals for

the evaluation of prog~essive neurological dysfunction that might

preclude the safe performance oiý the pilot's duties.

0 Tumors of the head and neck

1. General considerAtions

Cancers of the lip, tongue, salivary gland, floor of mouth, oropharynx,
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unspecified areas of the mouth, and generally of the head and neck

are seen with increased incidence in cigarette smokers. The earliest

invasive tumor, T 1 , is generally defined as a primary tumor less than

2 cm in diameter. Early TIS (carcinoma in situ) tumors and

superficial tumors of the lip and some oi the tongue may be totally

curable by local means. In true invasive cancer even in the earliest

stages, the five-year survival is about 75%. Some percentage of the

survivors will have detectable disease at five years. Predicting who

will relapse is impossible. Persons who have no clinical evidence of

disease after careful study by a competent head and neck oncologic

surgeon may be certified for flight duties. Re-examinations should be

considered for continued certification as discussed below.

Z. Oral cavity cancer: Stage I (T1 No M& and Stage II (Tz No M0) carry

fairly good five-year survival rates (76% and 67%, respectively), and

recurrences are primarily local. Adequate treatment should be

followed by a careful examination four months after the termination

of appropriate therapy. The applicant may be certified when there is

no evidence of recturrence or dysfunction of speech or airway.

Oncologats •recomedatimns Re-ezxmination should be required at

three to 6 month intervals for all classes of airmen. Persopzs with

Stages Il and IV disease should not be certified. ENT specialists'

rec<o~m endatiiWsL Medical recertiffication should require an

examination by a competent head and neck oncologic surgeon at each

regularly-scheduled certification examination for Class-- I and 1U and

annually for 5 years for Class ITM applicants. Persons with Stages IMI

and IV cancers may "s be certified with similar follow-up.
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3. Pharyngeal caucer: These lesions are usually diagnosed late . d

individuals with them have only a 33% rate of survival after 5 years.

Oncobogtst' recommedatirma Because of the involvement of the

upper airway, applicants with pharyngeal cancer should not be

certified. ENT specialist' recommendatins: Certification should

depend upon the results of therapy and should be handled on an

individual basis. Class I and II pilots should be re-examined by a i.ea'.

and neck oncologic surgeon at the time of their regularly-scheduled

certification examination. Class Mll pilots should be re-exa:a in&,.

annually.

3. Laryngeal cancer: Onaologkt&s rcumm atkm=: Stage I ( 1" No Mrj

disease carries an excellent prognosis with radiation alone. A greater

than 76% five year survival rate is expected and recurrence is local.

Certification for all cLasse.s of airmen is recommended if phonation is

not affected appreciably. Re-certification examination- at 6 monith

intervals for five years, then at yearly intervalA, are indicated.

Persons with Stage 11, MII, and IV l-si;,xis ahould not b- certified

because of compromise to the airway and phoration as r-sult of

adequate treatment of these leslos. ENT !%^ecialits'

recommendaf-oh- i Early laryngeal carcinoma;z have an excellent

prognos•is when treated with radiation or surgery. Certification for

all classe" of airmen is recommended if phonaiou is not affected

appreciaoiy. Class I and 11 pilots should be- examined at their

regularly-seheduled recertification examination, and ClaSs IM pilots

, •.shiiould be examined annually for E-ve yearm.
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4. Miscellaneous carcinomas of head az ' - - O-coogits'

recommendatimis Carcinoma of the hLý and neck requiring

extensive surgery, such as radical neck dissection or mandibulectomy,

should be evaluated on an indiiidual basis due to the possibility of

airway obstruction, difficulty in phonation, or difficulty in using an

oxygen mask. Persons with only the earliest clinical stages of

miscellaneous head and neck tumors should be considered qualified co

fly and have frequent reassessments. ENT specialis&t

recommenatiams Carcinomas of the head and neck requiring

extensive surgery must be evaluated on an individual bazis due- to

potential airway obstruction, difficuity with phonation or difficulty

using an oxygen mask. Radical neck surgery generally does not

interfere with respiratory func tion or phonation.

O Lung cancer

Lung cancer, with all of its various cell types and stages taken together, has

only a 9% five-year survival rate. Persons who have had curative surgery for

!' '~localized cancer of the lung and in whom all disease is confined to the lung

without stpread to regional, hilai, or mediarti-al node3 have a five-year

survival rate of only 4Z%. .F N applicants with the diagnosis of lung cancer

should be denied certification because of the risk of brain metastasis that

might lead to seisures. The site of fIrst relapse of lung cancer is frequently

"within the brain and central nervouz system. In one study of Z47 patients, at

autopy, the following incidences of brain tnetasta.sis for the vario types of

* lung tumors were: epidermoid, 14%; small cell, 30%; adenocarcinoma, 25%,

large cell, Z90M.7 Thus, precluding all of the other potential complications of
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thcse tumors, which would incluA.e diminished pulmnonary function, bone

metastases, hemorrhage, and secondary complications of surgery, the risk of

brain metastasis alone should be a cause of denial of certification for at

least five year, for all classes of airmen.

An individual with early stage carcinoma of the lung who after initial local

therapy and who after a five-year period has no evidence of disease may be

considered for special issuance. The applicant should be examined carefully

by a qaalified specialist with training in the diagnosis and the.-apy of

A pulmonary neoplastic disease. A minimum examination would include a

chest radiograph, a computed axial tomogritm (CT Scan) or magnetic

resonance image (M.?J) r -.r brain, chemical tests of liver function, and

complete medical history and physical exarmination. En-doscopic and special

surgical evaluations and biopsies may be nevcssary to assure : disease-free

state.

o Gastrointestinal tract cancers

Cancers of the esophagus, stomach, small intestines, large intestines,

rectum, liver, biliary passage3 and pancreas constitute a major group of

mal'gnant disorders w:th poor prognoses. Carcinomas of the digestive organs

are staged according to several common bu, different classifications. 'he

TNM classification system is applicable to most tumors of the alimentary

tract.

1. Esophageal carcinoma

Carcinoma of the esophagus has a very poor prognosis. The five year

survival rate for treated and untreated diseaie is approximately 3%.
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Applicants with the diagnosis of esophageal cancer should not be

certified because of the risk of inanition and of sudden hemorrhage,

and aspiration. An applicant who has survived five years and has ao

evidence of disease following local therapy might be considered for
special -asuace. The applicant" -ould be examined ly a specialist in

gastroenterology or other specialist with interest and expertise in the

diagnosis and treatment of malignant disease, and a minimum

examination should consist of a complete history and physical

examination, a chest radiograph, barium swallow, biochemical tests of

liver function, a test for occult blood in the stool, and a CT Scan of

the mediastinum and the abdomen. Special endoscopic or surgical

evaluations and biopsies may be necessary to establish a disease-free

state.

Z. Gastric carcinoma

Because of the risk of sudden hemorrhage and the side effects of

palliative therapy and local treatment, persons with the diagnosis of

carcinoma of the stomach should not be :ertified. T.he five-year

survival rate with cancer of the stomach of any stage is

approximately 12%. Disqualification should last for a minimum of

five years. An applicant who has had five years uf survival with no

evidence of disease following local thierapy might be considered for

special issuance. The applicant should be examined by a specialist

with particular i.terest in the diagnosis and evaluation and treatment

of persons with gastrointestinal malignancy. The examination should

contain at a minibum a complete history and physicah examination, a

test for occult blood in stool, a chest radiograph, biochemical tests of
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"liver function, and evaluation of the upper gastrointestinal tract

either by endoscopy or barium contrast studies.

3. Pi'mary hepatic carcinoma

Primary- he......llular carcinomas are usually unresectable and have

a mean five-year survival rate of near zero percent. Because of the

complications of pain, hemorrhage into the tumor, and hemorrhage in

general due to liver disease, applicants should be denied

certification. An applicant who has demonstrated five years of

survival and has no evidence of disease following initial treatment

might be considered for licensing. The examination should include a

complete history and physical examination, chest radiograph,

biochemical tests of liver function, and an assessment of the liver by

either CT Scan or isotope liver scan.

"4. Car"inoid syndrome

This discussion about carcinoid syndrome concerns only metastatic

carcinoid disease and not carcinoid tumors that were removed

incidental to other surgery in portions of the gastrointestinal tract.

Carcinoid disease is a common disease of the intestinal tract, and it

also can involve the lung and other organs. The carcinoid syndrome

implies the presence of metastatic disease with the production of

vaso-active and other hormones. Because the syndrome may produce

sudden dyspnea and altered mental function, the diagnosis of the

carcinoid syndrome should result in denial of certification. Persons

with carcinoid tumors that are totally resected without metastases

Sand who do not have evidence of the sy-drome may be considered for

IV- 73



certification.

5. Gallbladder and biliary cancer

Gallbladder and biliary cancers carry a 2.5% five-year survival rate,

making applicants with these types of malignancy uncertifiable. For

applicants who have had five years of survival with no evidence of

disease following local therapy, licensing may be considered. The

minimum testing described above for primary hepatic carcinoma

should be followed.

6. Pancreatic cancer

Only 10% to 25% of persons with carcinoma of the pancreas have

tumors that are resectable, and only 8% of that proportion survive

five years; thus, this disease has a poor prognosis. Unresected tumors

are characterized by three disorders that would affect a pilot's

proficiency: 10% to 20% develop diabetes mellitus, a significant

percent develop thrombophlebitis and other thrombotic phenomena,

and there is also an overall incidence of serious psychiatric disorder

approaching 76%. Thus, the diagnosis of carcinoma of the pancreas

should preclude certification. Applicants who have demonstrated five

years of survival with no evidence of disease following local therapy

might be considered for special certification. Such certification

would require evaluation for diabetes mellitus, and the criteria for a

certificate for diabetes should apply to the evaluation. Testing should

also be done for pancreatic exocrine insufficiency. Recommendations

regarding malabsorption and pancreatic irsufficiency should apply.

The re-evaluation for carcinoma of the pancreas should include at a
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minimum a history and physical examination, chest radiograph,

biochemical tests of liver function, a stool examination for occult

blood, and a CT scan of the entire upper abdomen, pancreatic region,

and retroperitoneum with .pecial attention to the liver and pancreatic

bed. Special endoscopic, 'surgical, or contrast studies may be needed

to establish existence of a disease-free state.

7. Small bowel cancer

Small bowel carcinoma is an unusual tumor. Cases should be

considered on an individual basis depending on cell type, location,

stage, and therapy given.

8. Carcinoma of the colon and rectum

Carcinoma of the colon and rectum is staged according to several

classifications. The TNM classification for colon-rectal carcinoma

recognizes an early TIS (carcinoma in situ) where the primary tumor

involves no invasion of the lamina propria. The TI tumor is confined

to the mucosa or the submucosa, and the TZ tumor is limited to the

wall of the colon and rectum. The T3 tumor involves all layers of

bowel wall including serosa, with or without extension to adjacent or

Oncologists! recommendations

a. Carcinoma of the colon Stage I (T1 N0 M0 )

Persons with carcinomas of the colon in early stages, which are

treated with or without colostomy, should be certified for all

classes of airmen. A measurable proportion of patients can be
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expected to develop either local or distal tumors, but it is

difficult to predict who will have relapses. Most relapses

occ.cr within the first few years after surgical treatment. Re-

examination with live: fifnction studies, carcinoma embryonic

antigen (CEA) and chest radiograph shouiu !'o required at

three-month intervals for at least three years. At that time,

the interval could be lengthened to 6 months. Colonoscopy or

barium studies of the colon should be required yearly.

b. All colonic malignancies beyond Stage I should be denied

certification. An applicant who has had five years of survival

with no evidence of disease following local therapy may be

considered for special issuance. The examination should

contain at a minimum a complete history and physical

examination; a chest radiograph; a stool examination for occult

blood; biochemical tests of liver function; a CT scan of the

entire abdomen with special attention to the liver,

retroperitoneum and colonic region; and an examination of the

entire colon, either by colonoscopy or barium enema with air

contrast technique.

The recommended schedule for re-examination of applicants

with early stage colon carcinoma may be difficult or

impossible to follow. If the follow-up program is impractical,

the prudent course would be to deny certification, even to

early stage patients, for at least the first three years following

initial local treatment.
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Gastrointestinal speciaUsts' recommendations: Persons with a

palliative resection of an adenocarcinoma of the colon, or

recurrent adenocarcinoma should be disqualified. Persons with

a curative resection of an adenocarcinoma may be qu-alified

three to 6 months after the operation, depending upon the

procedure.

An applicant who has a successful resection of carcinoma of

the colon, with the tumor limited to the bowel and regional

lymph nodes, and who has been issued a certificate, will be

required to have follow-up examinations with a carcinoma

embryonic antigen (CEA) done at least every 6 months

following issuance. The result must be forwarded to the FAA

along with results of any other studies relating to the status of

the airman's tumor. The airman should understand that any

* suspicion of recurrence of tumor is disqualifying until tests are

obtained indicating he or she is free of disease.

9. Miscellaneous gastrointestinal tract tumors

Other malignancies of the gastrointestinal tract occur infrequently.

Applicants with anal or other carcinomas should be considered for

certification on an individual basis. The overriding consideration

should be the predictability or lack of predictability of relapse, the

common sites and timing of relapse, and the adverse impact that such

relapse might have on aviation duty.
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o Urinary tract malignancy

1. Kidney

Carcinomas of the kidney are infrequently diagnosed in a truly

localized curable stage. With localized disease, the five-year survival

rate is reported at 72%. The smaflest T1 N0 M0 tumors that show

minimal renal and caliceal distortion or deformity and that are

surrounded by normal renal parenchyma have good five year survival

rates after curative surgery. However, these individuals de have a

significant risk of relapse and should be disqualified by the AME for

conside.-ation for special issuance. One-third of patients already have

hemat:.genous metastases at the time of diagnosis, involving the lung

in 50% of cases, bone in 30% of cases, liver in 30% of cases and the

brain in 25% of cases. The risk of rapid development of abnormal

pulmonary function or neurological deficits with seizures is

significant. Therefore, applicants with a diagnosis of carcinoma of

the kidney with extension outside the kidney should be permanently

disqualified.

Persons with TI intrarenal lesions that are completely removed at

surgery may be recertified if they have no evidence of disease five

years after surgery. Patients with TI intrarenal neoplasms identified

incidentally at surgery, and those with primary nonrenal cell

malignancies, such as sarcoma, may be recertified if they have no

evidence of disease two years after surgery. An examination should

include at a minimum a complete history and physical examination, a

chest radiograph, biochemical tests of liver function, and a CT scan

of the entire abdominal contents and retroperitoneum. Other special *.,,
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studies, surgical procedures, or biopsies may be required to establish

the presence of a disease-free state.

2. Urinary bladder

Overall, malignancies of the urinary bladder are associated with a

five-year survival rate of 67%. True carcinoma in situ or papillary

noninvasive carcinoma are associated with a high probability of

cure. Therefore, Stage I and II malignancies that have been treated

with intent to cure should be certified. Recurrence is primarily local,

and no sudden symptoms except hematuria occur. Re-examination for

certification should be required at three month intervals for five

years. After five years examinations could be extended to intervals

of 6 months. Persons with Stage MII and IV disease should be

disqualified until they have been shown to be free of disease five

C years after local curative therapy, at which point they should have an

examination that includes at a minimum a history and physical

examination, chest radiograph, biochemical tests of liver function,

endoscopy and contrast studies of the entire urinary tract if

appropriate, and computer scanning of the entire abdominal contents

and pelvis.

3. Prostate

Cancer cf the prostate frequently occurs in older males. The degree

of histologic differentiation has a high bearing on relapse potential

and mortality. For the earliest localized stage oi tuly invasive

carcinoma of the prostate, the five-year survival rate is reported to

be 77%. When all stages are considered, the. five-year survival rate is
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63%. Young individuals with early stage disease at presentation

generally have more poorly-differentiated tumors and dc less well

than older individuals. Clinical staging takes into account the

suspicion for malignancy on digital rectal examination.

Stage A disease occurs when carcinoma is not suspected, but the

individual has a transurethral prostate resection for symptoms of

urinary obstruction thought to be due to benign hypertrophy, and on

microscopic analysis malignancy is noted. The special issuance

procedure. should allow persons with Stage A to be certified after

careful study for local or systemic disease. Such persons should be

re-examined frequently, although many will be permanently cured of

malignant disease. Persons with Stage I4 IU, and MI carcinoma of the

prostate, who have no distant metastases and who are treated with W

curative intent, should be certified when the effects of treatmbnt

have subsided. However, treatment with estrogen compounds should

result in denial due to the recognized propensity for thrombosis.

Persons with localized disease should be re-examined at 6 month

intftvals with determinations of alkaline phosphaltase, radioactive

immunoanssay for the prostatic fraction of acid phosphatase, serum

¶• calcium, urinalysis, and clinical examination of the prostate. The

examination should be done by a physician with expertise in the

examination and treatment of individuals with prostatic malignancy.

Renal function testing, including blood urea nitrogen, creatinine, ar i

intravenous pyelography, should be done annually. Individuals wit,

Stage IV disease should not be certified.
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In summary, the predictability of the recurrence of prostate cancer is

difficult; determinants include not only tumor size at presentation but

also histologic differentiation and age of the individual. Hard and

fast rules about kecial issuance certification for some tumor types

are difficult to develop, and the FAA needs to rely on a panel of

experts with special knowledge in prostatic malignancy to recommend

action on a case-by-case basi3.

4. Carcinoma of the testicle

With present chemotherapeutic regimens persons with advanced

testicular cancer or with recurrent cancer after local therapy have a

good chance of cure. The treatment of early-stage carcinoma of the

testicle may consist simply of surgery with or without radiation.

However, both seminomatous and nonseminomatous testicular cancers

- may recur soon after the initial therapy. Persons who have two year.

of survival after treatment with curative intent and have no evidence

of disease have a statistically high likelihood of cure, and they may be

certified if a thorough examination discloses no evidence of

recurrence.

It would be prudent to wait three years after completion of the initial

treatment or treatment after the first relapse- before a major re-

evaluation for certification is utndertaken. The examination should be

done by a physician with expertise in evaluating and testing persons

with testicular malignancy. A major examination for metastases

using the appropriate serum markers should be done. The long-term
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complications of radiation and/or use of multiple chemotherapeutic

agents are similar to those of Hodgkin's disease. Therefore, frequent v

reassessment is prudent.

o Gynecological cancer

1. Carcinoma of the ovary

Since less than Z8% of ovarian cancers are localized at the time of

inital diagnosis, prognosis is usually guarded, and continuous therapy

with cytotoxic chemotherapeutic agents precludes certification of

applicants. An applicant who has demonstrated five years of survival

with no evidence of disease following local therapy for carcinoma of

the ovary might be considered for special issuance. The applicant

should be examined by a specialist with expertise in diagnosis and

therapy of patients with malignant ovarian disease. The minimum

tests should include a history and physical examination, including a

thorough pelvic exam; a chest radiograph; biochemical tests of liver

function; a CT scan of the entire abdomen, retroperitoneum, and

pelvis; an intravenous pyelogram; and a urinalysis. Other special tests

may be indicated in selected cases.

Unusual types of ovarian tumors should be considered on a case by

I• case basis.

Z. Cancer of the corpus uteri

4 The most common carcinoma of the corpus uteri is adenocarcinoma of

the endometrium. Staging depends upon the size of the primary

J-•, tumor, the presence of affected regional nodes, and the presence or
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10 Tabsence of distant metastases. Spread of adenocarcinoma of the

endometrium may be slow and tumor recurrence is usually local for

long periods of time. If these tumors do not cause obstruction of the

ureter or bowel, a pilot should not be adversely affected. On the

other hand, effects of radiation may create a significant problem.

The earliest truly invasive carcinoma of the endometurium, Stage I,

has a 90% cure rate. Unfortunately, recurrence is unpredictable for

tumors of all grades of differentiation. Therefore, it is prudent to

consider all persons with a history of truly invasive carcinoma of the

corpus uteri as not fit for certification.

Certification of persons with Stage I and H disease might be

considered two years aftar adequate local therapy, if they have been

free of disease. The minimum examination would include a history

and physical examination, chest radiograph, urinalysis, bicchemical

tests of liver and renal function, and a careful pelvic examination by

an individual with particular training and experience in gynecological

malignancies. Specialized local studies such a intravenous

pyelography, abdominal pelvic uWtraso•• id, or CT scan should be done

as well. Those persons with Stage MI and IV disease at the ftime of

initial diaguosi should not be certified until they have been free of

disease for a period of five years after local therapy. All persons

should be re-examined at intervals of 6 wontb.s.

4. Carcinoma of the cervix

As a site of fre-quent cytologic screening, the uterine cervix !ends

S itself to diagnosis of carcinoma in early stages. The five-year
V N
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survival rate of Stage 0 carcinoma of the cervix (carcinoma in situ) is •

virtually 100%. The five-year survival rate of localized carcinoma of

the cervix is approximately 82%. The five-year survival of all stages

taken as a group is 59%.

Applicants with Stage 0 or I carcinoma of the cervix may be certified

immediately after curative treatment has been completed, whether

with radiation or surgery. Follow-up re-examinations at 6 month

intervals for three years, and then at yearly intervals, are

recommended. Persons with Stage U1, IM a,.d IV disease should not be

certified due to local complications of treatment and of unpredictable

likelihood for recurrent disease. Individuals who have been

demonstrated to be free of disease for a period of two years may be

certified by special issuance. Minimum testing to assure a disease-

free state is the same as with examination of the corpus uteri and

includes examining cytology of the vaginal cuff.

o Carcinoma of the breast

Breast cancer is the most common maliguancy in females, and one percent

of breast cancers occurs in males. Various features are important when

a -semsing the prognosis of a person with a history of breast cancer. The most

common histologic group represent- infiltrating carcinoma of ductal

structutes. Prognostic features include the amount of differentiation of the

tumor and the presence or absence of lymphatic and vascular invasion.

-However, there have not been good studies correlating these features xith

relapse potential and survival.
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In even the earliest Stage I cancer (T1 N0 M0) with a small initial tumor and

no involvement of axillary lymph nodes, the relapse rate at five years can

approach 20%. With standard therapy Stage I carries approximately an 80%

five-year survival rate with no evidence of disease. This is a low enough risk

to justify certification with frequent re-evaluation. Re-evaluation should be

done at a minimum interval of 6 months and should consist of a chest

radiograph, liver function tests, serum calcium and alkaline phosphatase and

a careful clinical examination by an individual with particular training and

expertise in dealing with breast malignancies. Mammograj hy of tLe opposite

breast should be required annually. Special studies may be required Las-.d

upon clinical or laboratory abnormalities.

Persons with Stage 1, MII and IV disease should be permanently disqualified

because of the unpredictable and high incidence of metastatic disease,

especially cerebral metastases with potential for causing seizures. in early

Stage I disease certain histologic features hare been associated with an

increased incidence of recurrence, but predicting in advance who may or

may not relqpsc is luiposs-ible.

o Malignant melanoma

Malignant melanoma is a potentially serious disorder with increasing

incidence. Staging depends upon depth of penetration of dhe local tumor, the

presence or absence of nodal disease, and the presence or absence of distal

metastatic disea.sn. The primary tumor is classified as To when atypical

melanocytic hyperplasia (Clark's Level I) is present. T1his is not considered a

malignant lesion. T1 require.% invasion of the papillary dermis (Level Hl) or

penetration of 0.75 mm thickness or less. Tz implies invasion of the
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papillary-reticular-dermal interface (Level MiI) of penetration of 0.76 to 1.5

mm in thickness. T 3 implies invasion of the reticular dermis (Level IV) or

invasion from 1.51 to 4.0 mm in thickness. T4 implies invasion of the

subcutaneous tissues (Level V) or penetration greater than 4.1 mm, or

satellite nodules within Z cm of the primary melanoma. T1 or T, lesions

with clinically negative lymph nodes and no evidence of metastatic disease

are called Stage I, and they are the only tumors that do not preclude

certification. Stage I tumors should be diagnosed only by a pathologist with

parti.-u ar interest and expertise in melormna analysis.

Oncolagh•' recommendatiomn A per3ou with all stages above Stage I should

be denied certification because of metastatic propensity: 87% of persons

with melanoma have metastases to the lung and 54% hava metastases to the

brain, A significant number of these pt.rsons will have seizure activity as

the first manifestation of metatasis. individual. -ai~h Stage fl-A or UI-B (T3

or T4 with N0 M0 clinical staging) wAho have dimonstrated a survival of five

7ears with no evidence of disease might be considered for certification. An

examination for recurrence of melanoma should consist of a complete

history and physical examination, chest radiograph, biochemical tests of

liver function, computer assisted tomography of the brain, and liver

scanning. These examinations should be repeated at yearly intervals for a

minimum of 10 years.

Dermatologista' recommemnation Those persons with a malignancy of the

skin with evidence of regional or systemic metastases should be disqualified

. "ifrom flying, until such time that the tumot and it! metastases are considered

cured.
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Visual System

Introduction

This report consists of two broad subjects: 1) discussion of and rationale for the

recommended standards, and; 2) description of and recommended disposition of specific

ophthalmologic diseases. In addition, the 3pecial report forms for ophthalmologic

disorders were reviewed and some minor revisions recommended.

Discussion and Rationae for Recommended Standards

0 Distant visual acuity for Ciasses I and H

We do not recommend a refractive error limit. Rather, an applicant, should

be able to correct from ZO/ZOO to ZO/20 or better in each eye with either

conventional spectacle lenses or contact lenses.

0 Distant visual acuity for Class lII

In most states, a visual acuity of Z0/40 is required to obtain a driver's

license. Thus, it is justifiable to change the visual acuity limit from Z0/50 to

Z0/40 in order to obtain a pi.oc~s license. We do not recommend a refractive

error limit or uncorrected acuity limit that would prohibit an applicant from

obtaining a Class MI medical certificate.

o Near visual acuity for Class I

Sixteen inches is an appropriate reading distance. The V 1.00 vision

terminology is antiquated and is not familiar to most AMEs and

ophthalmologists. Furthermore, the near vision acuity chart which is on

Form 8500-1 contains Sloane letters that are to be used at 16 in.
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After age 50 years, we recommend a near vision standard of 20/40 or better

at both 16 in and 32 in with or without corrective lenses. This additional

requirement would correct for one of 'he major deficiencies in the visual

examination for flying: It is important while piloting to be able to see

clearly at close distances, as when looking at maps, and at intermediate

distances, as when viewing the instrument panel. This is especially

important in night flying. Diminished intermediate visual acuity due to

presbyopia in an individual 50 years of age or older may be further

compromised by bifocal correction. Trifocals or progressive power lenses

may be necessary for clear vision at distance, intermediate, and nea..

o Near visual acuity for Class 1

The commeuits above concerning the need for testing for intermediate

distance visual acuity apply to Class II as well.

Testing for visjal acuity using the Snellen notation of 29/40 is based on the

fact that on official aeronautical maps the characters are of Z0/40 linear

Snellen scale-size or la'•ger. Thu% the recommended standard provides a

uniform and standard method to determine whether a Class II pilot can read

aeronautical charts.

o Near visual acuity for Class II

Near vision requirements for the Class M medical certificate should be

established because at least ZO/40 near vision is necessary to read charts,

emergency procedure guidelines, and aeronautical maps accurately. Since

not as much instrument flying is done by private pilots, an intermediate

vision requirement after age 50 for Class M pilots is not necessary.
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0 Color vision for Classes I and II

Genetic color deficiencies occur in approximately 8% of the male population

and in less than 1% of the female population. These individuals experience

varying degrees of color confusion, including shifts in chromaticity or color

temperature, especially when colors are desaturated by environmental

conditions. 1

A normal observer requires the ability to percgive the three standard colors,

red, green and blue, in order to match an unknown wavelength to these three

known standards. This person is classified as being trichromatic. A small

percentage of persons with abnormal color vision can perceive only two of

the three standard colors. These individuals are classified as dicheomatic.

Three types of dichromatic individuals exist.- those lacking red-sensitive,

those lacking green-sensitive, and those lacking blue-sensitive cones. An

individual is a protanope if he or she has red-green color deficiency related

to red-sensitive cone loss. A deuteranope also has red-green deficiency

related to green-sensitive cone loss. A tritanope has blue-yellow deficiency

S.related to blue-sertitive cone loss.

The largest group of color ., e persons are trichiomatic, and they have

'N anomalous color identificatiomi. These individuals use all three standard

colors to match wiknown hues, but in *aromalous' amounts compared to

normal trichromats. They are actually *color-weak" rather than 'color-

blind.* Each of the three types of anomalous trichromats has a defect

analogous to that of the dichromats. For example, th-. protanomalous

trichromat is red-weak," requiring more red in a red-green mixture to
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match an unknown hue. X

There are two forms of severe color deficiency, or achromatopsia. These

individuals are monochromatic and have compiate loss of color

discrimination. Rod monochromatism is a condition in which the individual

has no functioning cones from birth. An individual with this condition has

very low visual acuity, totally absent color vision, aversion to bright lights,

and nystagmus. Cone monochromatism is extremely rare, and an individual

* with this condition has no hue discrimination, but has normal visual acuity.

The following table shows the prevalence of these color deficiencies in the

general population:

Prevalence of Color Deficiency

Classification Percent

Protanopia 1.0

Deuteranopia 1.4

Protanomalous Trichromat 0.78

Deuteranomalous Trichromat 4.6

Total 8.0

Monochromat I per 100,000

Source: Reference Z

An early report of the significance of color vision in aviation was written by

Colonel W. H. Wilmer and Major Conrad Berens, in 1919M "The proper

recognition of color plays an important part in the success of all types of
. ly r -3 *'

flyers. Wilmer and Berens indicated that co~or vision was useful in map- p
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reading, recognizing sky rockets and flares, and identification of red, green,

or white lights at airports. They noted also that it was useful to have

reliable color vision to select a place for forced landing. Of course, aviation

technology has increased multifold since that time, yet many of the initial

concepts described in this early report about color vision still apply to

aviation.

The use of color vision in aviation can be briefly outlined as follows:

1. Aircrew color discrimination

a. Identification of color light signals and navigation lights

b. Airport beacons

c. Approach lights

cd. Runway lights (end lights, center lights, stopping distance

markers)

e. Taxi strips

f. VASI (Visual Approach Slope Indicator)

g. lnstrument panel (navigation and warning lights)

Ih. Instrument panel color TV-type instrument displays, and radar

2. Identification of colors on reflecting surfaces

a. Instrument zone marke:s on panels

b. Smoke

V c. Flares

3. Map and chart reading

• 4. Color differerces ia terrain
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The use of VASI requires recognition of minute changes in a red-white color

relationship. Both deuteranopes and protanopes may have difficulty with

VASI, although they may not be aware of any difficulty. The deuteranopes

will probably experience less difficulty, although there are some who will not

be able to utilize the VASI system safely. Unfortunately, it is not possible to

predetermine which deuteranopes will not be able to utilize VASI.

A change from the present use of edge taxi lights to the increasingly more

popular center taxi lights may make night taxing easier for the pilot with

normal color vision. However, the concomitant change from blue to green

may lead the deuteranopes to straddle the runway lights, perceiving them to

be the green taiway lights, with obvious dangerous consequence. 4

End markt:is denoting the amount of remaining r "-way are colored lights.

Colored lights also mark a high speed taxiway exit. 5 Where red lights are

used protanopes will have particular difficulty interpreting the red light

cues.

Aircraft navigation lights may be particularly confusing to color-deficient

individuals. Since navigation lights are small point sources at usual ranges,

in normal individuals color perception might be diminished by the

physiological phenomenon of small field tritanopia. which may lead to

confusion of blue and green, and white and yellow. Dichromats might

confuse a green signal with either a red or white signal, or even both,

depending upon the precise chr-maticities of the colors sedd. As a result

dichromats, who may already have reduced color vision, may be further
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reduced to monochromaticity, or total color-blindness, when the

physiological phenomenon of small field tritanopia is added.

Another problem is that protanopes may fail to see the red navigation lights

at a useful range because of their lowered sensitivity to red light. 6

Protanopic pilots are denied reliable information that is provided by the

navigation light code and need to rely entirely on a fix-of-bearing for a

determination of a potential collision course at night, which is not always as

reliable.

Any pilot with a protanopic colck vision defect will be further disabled by

the inability to detect a red anticollision light at a range that allows

sufficient time to make a fix-of-bearing judgment prior to a possible

A,• collision. White strobe anticollision lights mnay asist this protanopic

observer, but the white color is permitted only in the United States.

Bowman and Cole reported that the navigation light system at night serves

as a crude screening method to place another aircraft into a Ntential threat

-s• a no-threat category (collision vs no collisioitx based on the observation of

the aircr',ft's navigation lights.7

r It is difficult to establish w•:ether or not the present color vision

requirements •d .ia-reening for them have resulted in enhanced flight saIL'ty

in the past. It has not been poesible to find any reported airczaft crash or

collision that has been attributed primarily to a color vision defect. The US

Air Force reported on a group of twelve aviators with considerable flying

experience whj faile•. the Dvorine color plate test. Eight were pilots with

ar average of 3.Z74 hours each, for a total of Z6,196 flying hours. The other
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four were a navigator, a flight engineer, a boom operator, and a flight

surgeon. They denied ever having any difficulty due to defective color vision

in performing their jobs. None of these experienced men was grounded after

the discovery of the defect. Eleven of the 1Z had a deuteranopic defect and

one, the flight surgeon, had a protanopic defect. 8

This study led the Air Force to study which types of color deficiencies, if

any, were acceptable for flight. This study, combined with the examination

results of Z,S91 additional pilots and navigators, led to the conclusion that

persons with protanopia, deuteranopia, any degree of protanomaly, and all

but the mildest degree of deuteranomaly, are almost never successful as

pilots or navigators. The Air Force could not establish with certainty how

mild a deuteranomaly would be acceptable, but tho0e individuals who scored

above 50 an the SAM Color Threshold Tester were considered very mildly

color deficient, and probably safe and acceptable for flight.9

V

Dille and Booze reviewed data from 1974 through 1976 on accident

experiences of civilian pilots with selected static visual defect, including

deficient color vision. They noted that the group with deficient color vimion

and no operational restrictions had a significantly higher accident rate than

expected. Individual accident records were reviewed to determine any

poasible relationship between visual defects of the pilot and the accident

caue, s".ch aa phase of light, tpe of flying, " ae of day and weather. No

unusual a"ociations were determined.1 0

The visual syst-em committee for this review project sent a questionnaire to

airline medical directors seeking •heir opinions on the importance of color.";W-
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o ,.•'IN. vision in aviation. Two responses were received from these medical

directors, and they wcre on opposite sides. One director statec there is a

considerable need for normal color vision in commercial pilots ar, airline

captains, since many aircraft systems, charts, and manuals are cole -:cded.

In addition, new instrument systems include features such as visuaT ;play

terminals which are color-dependent.I1

The other medical director stated that prospective studies o the importance

of color vision in aviation show no apparent relationship between aircraft

accidents and color-deficient individuals. This medical director pointed out

'the less critical role of color vision in night flying, since anticoilision lights

are strobe lights and airports are located by rotating beacons. Furthermore,

most operat*.ons now use radar. This director also pointed out that aithough

in the modern-day cockpit color may aid in the recognition of instrument

readings, the classical method of glancing at a pointer location, rather than

color indication, is still probably more important. He concluded that color

vision may play a sm ll role, if any, in modern aviation.lZ

In summary, the hazard to aviation safety of anomalous color vision is not

clear. No studies have shown that color deficiency has be-n a direct cause

of accidents. 13 On the other hand, color is an important constituent of

aircraft devices such as instrument pmel gauges and warning lights, and of

airport landmarks, such a" beacont. and runway lights. Thus. we rmcommend

that testing for color vision remain in the standards and in the routine AME

examination, and that the standard- foe Class [I pilots, who fly frequently and

who are responsibl- for transporting huma-s, be a3 strict as the standard fk-

Class I.
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Screening for color vision has its problems, too. The US Army, which has

greater control over testing procedures than is possible in civil aviation,

reported that testing is Z3-Z5% effective in screening out anomalous color

vision. Persons with dichromatic deficiency were most easily detected. 14

Another problem is the great variety of color vision tests and the

inconsistencies among their scores for normal color vision. This problem is

compounded by the different recommended stancaards for color vision in

civilian aviation, that is, "normal" color vision for Class I and II and "ability

to distinguish aviation signals red, green and white" for Class IM. A test in

the physician's office that would predict a pilot's ability to distinguish the

aviation signals (ie, a test that would correlate with the signal light gun test

at air traffic control towers) "s most desirable, but presently unavailable.

The current acceptable equipment for testing color vision includes the

Eldridge-Green lantern, Farnsworth lantern, Keystone Orthoscope, Keystone

Tel( binocular, School of Aerospace Medicine Color Threshhold Tester (SAM-

CTT), Titmus vision tester, and various isochromatic plates (Dvorine, HRR,

isihara). We have reviewed these color visien tests to assess their value

toward detecting both norinal color vision and the ability to distinguish

aviation signais. This review has led to the recommendations for testing and

disposition that are found in the proposed AME Guide.

Eldridge-Green Lante.:n

The Eldridge-Green lanterni was first described in 1891 and used by the

W•-i.sh Navy, and later by the US Navy and the British Railway Authority.
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However, there are no reports in the literature since that time that

demonstrate the validity of this device. Eldridge-Green claimed that all

persons with color vision deficiency are readily detected, and that his device

enables the examiner to pass those with milder forms of color vision

defects. However, he also stated that about one-third of the population will

have some difficulty with the lantern, which obviously demonstrates some

difficulty with the interpretation of test results. The test is complex and

lacks standardization, and therefore it is unsuitable as a practical test for

color screening. 15

Farnsworth Lantern

During World War II the Eldridge-Green lantern became unavailable and the

US Navy explored possible replacements. The task of developing a new

lantern went to Commander Dean Farnsworth in New London, Connecticut.

V His 3antern uses three colors, a slightly desaturated red, a yellowish white,

and a yellow green. He theorized that these three colors serve as an index

of confusion from which the other confusions that pro anupes and

"deuteranopes possess can be predicted.

The lantern does not simulate actual signal recognition, but it is a test of

color vision. The Farnsworth lantern is unlikely to fail subjects with normal

color vision.

Unpublished data at the Naval Submarine Medical Research Laboratory

indicate that those persons with color deficiencies who fail isochromatic

plates but pass the Farnsworth lantern are as accurate as those with normal

vision in judging typical colors used by the services for coding, signaling and
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communication.

The Farnsworth lantern differentiates the degree of defect very effectively

and can detect persons with mild deficiencies. Since the Farnsworth lantern

becawe the final validating test for color vision in the US Navy in 1954, 30%

of the 10 men in 100 who are deemed to have a color deficiency by some

other test have been salvaged for training as line officers, submariners,

electronic technicians and pilots. It has the additional advantages of a btief

testing time and of not requiring the use of a darkroom.

'"he test cannot be learned, so persons with color deficiency are unlikely to

be able to achieve a passing result irom prior practice and learning, it has

also been shown to be a good predictor of performance on the daytime signal

* light gun test. 15' 16

School of Avriation Medicine Color Threshold Tester (SAM-CTT)

Also at the onset of World War II, other studies were in progress to develop a

new lantern test at the School of Aviation Medicine. Louise Sloan developed

the SAM-CTT. Her objective was to devise a simple instrument to provide a

quantitative test of the ability to recognize aviation signals so that persons

with color deficiencies who were "color safe" could be identified reliably.

Sloan argued that aviation signal colors are saturated and differ in hue from

each ot-er, so that many persons with color vision deficiencies are able to

recognize the colors easily under optimal conditions. However, at threshold

visibility, their difficulty in recognizing color becomes more apparent. Thus

her lantern p?1sents colors at a range of intensitie3. Normals would be able

to recognize the colors reliably even at the lowest intensities; those with
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color deficiencies would be more likely to make errors as the intensity was

reduced. As was not the case with other tests, considerable effort was made

to validate the test scores of the SAM-CTT test by comparison with field

tests. From the data of Sloan, a score of 60 is necessary if a color deficient

individual is not likely to make errors at any of the practical field tests, but

a score of 50 is sufficient for some tasks and also seems to be the level at

which pilots do not report difficulty identifying aviation signals. 16 ' 1 7

There is a precedent in the Air Force to pasq approximately 3% of the 8%

who fail standard vision testing for aviators. These apparently are

deuteranopic individuals who, judged by Air Force experience, do not pose an

inc-eased risk to aviation safety.7' 1 8  Detecting these individuals is,

however, quite difficult with common testing procedures. If these mildly

color deficient aviators desired first- or second-class medical certificates,

testing bl, tb9 SiM-CTT would be most appropriate if they first failed the

screening isochr-kmatic piates. A score of 50 or better on the SAM-CTT

would pro vice justification for passing these individuals.

T"e ýAM-CTT lanter.1 is particularly usaEul for testing in the aviation

setting, since it haL been designed to sim'-lae aviation signals. However,

the cost of the. lantern and training that is required to ad-rainister the test

N are prohibitive for practical use. As an alternative, •. applicant could

travel to an institution where the instrument is available. Despite these

disadvantages, the test is a proven standard and should be retained.

Titmus Vision Tester

The Titmus vision tester was designed as a quick, accurate and reliable
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method for identifying persons in need of more extensive ophthalmic

evaluation. Five special test slides are appropriate to aeromedical testing.

The color vision plate consists of 6 "accurately and authentically reproduced

Isihara pseudoisochromatic plates." The test detects the presence of a color

deficiency, but not the type.19

Keystone Orthoscope/Telebinocular

The Keystone Orthoscope/Telebinocular was designed in cooperation with

the Special Products Division, Medical Department, of the Civil Aeronautics

Administration. It incorporates tests for distant and near visual acuity,

vertical phoria, lateral phoria, and color vision.

Color vision is tested by two test slides, one for "severe" color deficieiicy

(red, green), and one for "mild" (blue, violet). 1'he subject must correctly

identify numbers in two out of three test circles on each slide. 0

Pseudoisochromatic Plates

Generally, humans have the ability to distinguish hues, or wavelengths of

colors, under various intensities and saturation against a series of confusing

colors. This is the basis for the pseudoisochromatic plates. If an individual

can identify the appropriate pattern in a pseudoisochromatic plate, then he

or she should also be able to distinguish colors under usual circumstances

found in flying activities. There is some objection to this approach, in that

not every lustance of color discrimination in aviation involves distinguishing

pigments uncer confusing circumstances, as with these plates. Very often

individuals are required only to distinguish colored lights, as with a signal.
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In the pseudoisochromatic plates certain signs, in the form of figures,

letters, or geometric shapes on the test plate are undecipherable by

individuals with color deficiency, be'.ause they cannot distinguish colors of

the signs and those of the bac-ckround. If the differences between the colors

are slight, the test is vey sensitive and serves as a preliminary screening

device. The type of deficiency, however, can be established only if the

colors are more dissimilar.

Isihara Pseudoisochromatic Plates

The Isihara Atlas was designed to classify congenital protanopes and

deuteranopes. Among all of the atlases presently available, it is best for this

purpose. It does not, however, allow for sufficient distinction between the

types of protanopes and deuteranopes, nor does it show the severity of the

A •deficiency. It also does not distinguish the tritanopic deficiency, although it

does reveal the acquired red/green dyschromatopsias. However, the

acquired blue/yellow deficiency is frequently missed.ZI

The Hardy, Rand, Rittler Atlas (HRR) Plates

For congenital dyschromatopsias this test has mediocre specificity and

sensitivity. Some normal subjects cannot decipher the proof plates in this

atlas, and these may sometimes be interpreted properly by abnormal

subjects. However, in the acquired dyschromatopsias, the HRR is one of the

best tests presently available. In these disorders, it is able to distinguish

both the green/red and the blue/yellow deficiencies, and lead to assessment

V of their severity. The instruction booklet notes that this test was designed

as a qualitative as well as quantitative diagnostic test.Z,' 3 There are no

data to correlate the test's qualitative results to the signal light gun test
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performance. 14

Dvorine Pseudoisochromatic Plates

Dvorine has reported that misclassification of normal subjects as color

deficient is more likely to occur with the HRR test than with either the

Isihara or Dvorine plates. Others have found that the Dvorine test is the

most discriminating and reliable plate test. The results from this test are

very closely correlated to results obtained on the anomaloscope, which is an

instrument designed to detect anomalous trichromatics. The anomaloscope

is also very useful in detecting dichromatics, since it works by mixing red

and green colors.Z4 It has also been determined that a quantitative diagnosis

can be made with the Dvorine plates based on the number of plates that are

interpreted incorrectly.2 5

The term, "normal,' is applied to an individual who identifies 12 of the 14

plates of the first section. The terms, 'color-blind' and "color-deficient,n

are applied to individuals who fail to identify three or more plates of the

first section. 6

Recent data have shown that if this test is used for predicting passing

performance on the signal light gun test, these criteria may be too strict.

For this purpose, nine or more errors would be classed as failing on the series

of 14 plates.27

American Optical Pseudoisochrotmatic Plates (Richmond Plates)

The AO Plates, now produced by Richmond Optical, are a screening tea for

red/green, but not for blue/yellow, deficiencies. Therefore, they ar.- neither
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qualitative nor totally quantitative. However, they are easy to administer.

The series consists of 14 plates, and a person who makes five or more errors

is considered color deficient. 2 5 This level may be too strict in predicting

performance on the signal light gun test. A score of 6 or more errors would

be more appropriate for this test.2 5

In summary, using pseudoisocnromatic plates is one of the simplest methods

of distinguishing between normal and red/green color deficient perception.

The pseudoisochromatic plates are an extremely effective toot in the hands

of either expert or relatively untrained examiners, are inexpensive, and are

the least time-consuming.Z9

0 o Visual fields for Classes I and II

The Class I and H criteria for field of vision should fall within the generally

accepted norms for each eye. With average normal bony configuration of

the face, position of the eyes within the orbits, and usual prominence of the

nose, the acceptable minimal normal extent of the visual field from the

point of fixation is as follows: 3 0

Temporally in a horizontal line 950

Down and temporally 900

Directly downward in a vertical line 550

Down and nasally 500

Nasally in a horizontal line 600

Up and na-all

Directly upward in a vertical line 500

Up and temporally 650

•lThese figures have a tolerance of +50.
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Reductions in visual fields may be expected in older airmen. 3 0 However,

even slight reductions in visual fields may indicate active disease within the

eye or the rest of the visual system. Maintaining a standard for normal

visual fields is a method of detecting early ocular pathology.

In the present standard for Class IM certification there is no visual field

requirement. The committee does not recommend a specific visual field

requirement for a Class MII medical certificate, since eye disease serious

enough to cause significant visual field loss will cause a denial under

requirement that no serious pathology of the eyes be present.

0 Ocular pathology for Classes 1, H and Mi

It is not necessary to list specific disqualifying ocular abnormalities in the

standards. If an ocular problem interferes with visual acuity, visual fields,

motility, or color vision, or increases intraocular pressure, then it would be

covered under one of the other present or proposed standards.

The ocular pathology standards for Class II and Class IMI medical certificates

N.• should be- identical to the standard for the Class I medical certificate. If

there is an acute or chronic pathological condition of the eye that might

interfere with its proper function, might progress to that degree, or might be

aggravated by flying, then this condition could be dangerous while

performing the duties of all classes of airmen.

An applicant who gives a history of any acute or chronic pathological

condition of the eye should be examined more carefully and completely by an

ophthalmologist, at which time a decision can be made as to whether the
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ocular abnormality is one that might interfere with flying.

0 Ocular motility

We recommend no changes in the pres-:.t standards for ocular motility.

The present ocular motility standards consist of lilits lor horizontal and

vertical heterophorias. A phoria (or heterophoria) is a tendency for the eyes

to deviate from each other, and is measured in prism diopters once the eyes

have been dissociated. To dissociate the eyes, binocular viewing, or fusion,

must be disrupted, which can be accomplished in several ways: an alternate-

cover test; presenting the eyes with dissimilar objects, as in the Mattox rod

test; and presenting the same object to both eyes, but in different colors,

such as the red/white or red/green test. 3 1

Some degree of lateral phoria is present in almost 100% of the populatron.

By contrast, a tropia, which is- a manifesa deviation of the eyes, is present in

an estimated Z% of the population. Orthophoria is the very rare situation

where both visual axes are perfectly aligned even when fusion is disrupted.

Orthophoria may be considered as the physiological ideal, which rarely, if

ever, exists. The practical reality is that small degrees of phoria are

normal. 3 1

"The upper limits of normal for phoria values are vague. The following are

X,- values- given by several authoritative sources:

i. In the Binocular Vision and Ocular Motility Section of the
k ,Ophthalmology Basic and Clinic Science Course 198•-1983, prepared

IV- 107



by the American Academy of Ophthalmology, normal limits for

phorias are:3`

Esophoria: 1-2 prism diopters

Exophoria: 1-4 prism dioptez

Hyperphoria: 0.5 9rum diopter

Testing distance is not specified.

2. In a 1950 edition of the same manual, Saul Sugar gave the following as

norms for muscle balance: 3 3

a. At 6 meters:

Esophoria not greater than 3 prism diopters

Exophoria not greater than Z prism diopters

Hyperphoria not greater than Z prism diopters

b. At 33 cm

Esophoria not greater than I prism diopter

Exophoria not greater than 7 prism diopters

Hyperphoria not greater than I prism dioptor

3. In a 1955 discussion of Air Force Vision Standard.s, Brigadier General

Victor A. Byrnes stated that, in the general pe-pulatiom., "96% will

have less than 4-5 diopters of esophoria or exophoria.A34

4. David D). Michaels concurs with the opinion that heterophoria of sumc

degree is probably universl. He states that the prevalence of lateral

phorias :so-or exophoria) is probably 86-98%, and approximately 20%

for vertical phorias. He states that *it is not possible to attach

'clinical significance' to a particular phoria value, although this is
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"N i

frequently specified on drivers' and fliers' examinations. Even when

the distance is stipulated, it is not the absolute phoria but its relation

to the compensating fusion- vergence that determines visual

efficiency. R
3 1

Dr. Michaels' comments allude to another problem with phoria

measurements: their variability under various testing conditions.

5. The testing method, fixation distance, control or lack of control of

accommodation, genet-al well-being or fatigue, as well as hypoxia, can

influence the amount of heterophoria.31

A Fusional Amplitudes

As stated in the r -commended Part 67 Y-Aical Standards, motility standards

are a part of the certification examination in order to ensure "bifoveal

fixation and vergence-phoria reiationships sufficient to prevent a oreak in

fusion under conditions that way reasonably occur in performing aviation

duties." In other worrY. the certification procedure is attempting to exclude

,- 6A4 any individuals who might develop diplopia while flying an airplane. In order

to assess adequtately an individual's chances of developing diplopia, an

",. examiner needs information on horiwontal and vertical fus•ional Implitudes.

as well as phoria neasurements. Only by comparing phoria values to fusional

N, amplitudes can an assessment be made of one's ability to compensate for a

phoria. Vergence eye movements are used continuously ka maintain

-ubinocjlar fixation, and are necessary to prevei,, huri.ontal and vertic-k

phorias from becoming tropias. They also assist in changes in posit•on of

,- N.- gaze, as in fixation from di-Pance t, near.
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The average normal fusional amplitudes, in prism diopters, according to von

Noorden, are as follows: 3 5

Testing Convergence Divergence Vertical
Distance Amplitudes Amplitudes Fusion

6 m 14 6 2.5

Z5 cm 38 16 Z.6

Fusional convergence controls an exophoria, fusional divergence controls an

esophoria, and vertical fusional vergence controls a vertical phoria. Fusional

vergence aiuplitudes can be measured by a rotary prism or prism bar.

Accommodation must be controlled with either testing method.

Fusional vergences are not absolute values, and they can vary under adverse

conditions such as fatigue, illness, or hypoxia. It is well known that

exercising the fusional vergence mechanisms with rrthoptics increases their

magaitude35

Sheard states that lusioaal vergence ax ,plitudes should be twice the phoria

"value in order to maintain comfortable single binocular vision.36 This is

certainly not a universally agreed upon absolute. In fact, most authorities

enemphaaize the significance of the relationship between fusional amplitude

and hetetophoria. but do not state what the optimum relationship between

"*., these two values should be.

Thus, by meawturing only phoria values, wt may or may not be evaluating

adequately an individuld's capability for maintaining Single binocular vision

while flying an airplane. However, there ae r.o known instaincea of flight

crew incapacitation in internationza civil aviation due to ocular motility

disorders. In a joint study by the International Civil Aviation Orgni:aation,
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the International Federation of Airline Pilots Associations and the

International Air Transport Association of 'pilot malfunctions" during the

years 1960-1968 and 1969-1973, the only ocular causes for nonfatal

incapacitation were one case of eye injury, one case of conjunctivitis, and

one case of corneal ulceration. These occurred out of a total of 66 cases of

nonfatal incapacitation due to all causes from 1960-1968, and 80 cases from

1969-1973.37

The present FAA standards are even more stringent than the US Air Force

standards, and compare favorably with other standards as well, as seen in the

following table: 3 8

Selected Motility Standards

Standards Allowable Phorias (in diopters)

Esophoria Exophoria Hyperphoria

FAA 6 6 1

US Air Force 10 6 1.5

US Navy 10 10 1.0+

1.5

Belgium 8 6 1

France 6 6 1

United Kingdom 6 8 I

Federal Republic of Germany 5 10 1.5

• Canada 6 6

For pilot-cudidates - For pilotS
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In summary, the ptesent standards have been adequate so far, in that no

known problems of diplopia in pilots have been reported. The present

standards also seem reasonable when compared with US military and

international standards.

Therefore, we recommend that present standards be maintained. Because of

the variability of the factors that enter into binocular vision and fusion, it is

difficult to recommend any better method of evaluating ocular motility than

the present ones. One might recommend performing fusional amplitudes on

every candidate and relating these to phoria values. However, orly a very

small percentage of aviation medical examiners are ophthalmologists who

have the equipment to do this. Since approximately .- ,% of the population

should pass the present standards, we feel it is reasona'ble to examine the

remaining 4% more closely by requiring cumprehensive ocular motility

examinations.

o Intraocular pressure for Classes I, II and ME

The measurement of intraocular pressure is not presently required in the

standards for any class of medical certificate.

Increased intraocular pressure and glaucoma may appear in an acute, painful,

and suddenly impairing form known as angle-closure glaucoma, or in a subtle,

painless and progressive form known as chronic open-angle glaucoma.

Because either form of glaucoma can be destructive to night vision, contrast

s3nsii.ivity, and central or peripheral visual fields, they are of major concern

to pilots' safety.39 The prevalence of glaucoma increases with advancing

age, particularly after age 90. 40 Infrequently, acquired glaucoma may
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appear in early adult life, usually in individuals with a strong family history

of glaucoma.41 Intraocular pressure of greater than 24 mm Hg mercury

occurs in less than 0.15% of the US population. 4 Z

The course of glaucoma is an insidious one, and in most cases it remains

asymptomatic until large changes in the visual fields have taken place.

Glaucoma is an ideal disease to be approached in a preventive manner, and

tonometry has been shown to be an effective screening method for chronic

open-angle glaucoma. Because of the impact glaucoma may have on a pilot's

career, it is particularly advisable for these individuals to be screened, and

to be aware of any elevation of intraocular pressure in the early stage, when

visual field damage can be avoided.

Therefore, we recommend that evaluation of intraocular pressure by

instrumental tonometry be required for all applicants age 40 years or over.

We recommend instrumental tonometry for an applicant at any age it there

Sis a positive famiiy history fcr glaucom a in a first-degree relative.4 3

Aviation medical examiners also examine air traffic controllers, who are

required to have tonometry as part oi their examination. Therefore, AMEs

Salready have tonometers and are familiar with their use.
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Ophthalmologic Ewaluation Forms

- *. o a "Near Vision Acuity" Form 8500-1

The FAA should keep Form 8500-1 as the standard test chart for near visual

acuity. It is calibrated with Snellen letters that are held at 16 in to

correlate with a linear Snellen 20/20 scale. It i useful for testing near
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vision at both 16 in and at 3Z in.

o "Report of Eye Evaluation" Form 8500-7

This form is acceptable, except that there should be a space for family

history, especially family history of glaucoma.

0 "Ophthalmological Evaluation of Glaucoma" Form 8500-14

This form is comprehensive and requires no change.

o "Defective Color Vision" Form 8500-9

Under the recommended standards this form would be appropriate only for

Class M pilots.

o "Defective Near Vision" Form 8500-0

This form should be changed to: "Holder shall wear correcting glasses for

near vision while exercising the privileges of his or her airman certification."

Ducioi of Specific Deas or Ocular Conditions

Based on our discussion with personnel from the Aeromedical Certification Branch

in Oklahoma City, certain problem areas with regard to certification and special issuance

for applicants with ocular abnormalities were delineated:

1. One-eyed pilots. It is estimated that there are 500 to 800 one-eyed pilots,

and in some of these individuals ocular pathology exists in the "good eye."

Z. Glaucoma or cataract with decreased visual acuity. The FAA requested

guidance in the disposition of individuals with cataract, particularly with

A •reference to the different types of cataract and their potential impact on
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visual acuity.

FAA also requested guidance for det--rmining when an abnormal visual field

due to glaucoma was severe enough to preclude certificatioL, as well as

advice on which glaucoma medications may interfere with vision and 'hose

which are considered safe to be used by a pilot.

3. Identified retinal pathology. FAA requested guidance on the disposition of

these individuals and recommendations for the frequency of ophthalmologic

follow-up examinations.

4. Radial keratotomy. Approximately 300 applicants have had this procedure,

and the FAA requested guidelines for disposition.

o Cataract

A cataract is a defect in the transparency of the crystalline lens, which may

be stationary but is usually progressive at a variable rate. The effect on

visual acuity depends on location and severity of the opacity. It is the most

common and one of the most easily treated causes of visual impairment.

The location of the cataract is either nuclear or cortical. There is a form of

cortical cataract that is posterior and subcapsular in location. Advanced

cataracts frequently have a combination of nuclear, cortical and posterior

subcapsular locations.

The severity of the opacity is usually graded on a 1+ (mild) to 4+ (advanced)

scale. The color change of nuclear cataracts is also described. In general,
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when the nuclear opacity is 1+, the color change is white or yellow, and it

advances to a yellow-brown, or brunescent color, as the opacity progresses.

The normal lens gradually hardens and acquires more pigment with age. The

transition from a normally aging nucleus to a nuclear cataract can be subtle,

and this is manifested primarily by change in visual function rather than by

any observable microscopic change.

The first change is usually a myopic shift in refractive error. Later, vision

becomes blurred, and there is a gradual decline in best correction of visual

acuity. Usually distance vision is impaired earlier than near vision. The

usual course of nuclear cataract formation is a gradual decline in visual

acuity, which may cause poor color discrimination and, occasionally,

monocular diplopia. Visual acuity may be slightly worse in dimly lit

Ssituations. Persons with nuclear cataracts usually do not complain of

problems with glare, or with bright lights.1

We recommend that Class I or I1 applicants with nuclear cataracts have their

near and distant visual acuity and color vision checked yearly, if the best

corrected acuity is Z0/20. If the best corrected acuity is not Z0/Z0, then

follow-up should be required every 6 months. Class IMI applicants who meet

the vision standards should be checked yearly.

The most significant and common type of cortical lens opacity is the

posterior subcapsular cataract. These can occur at any age, and they are

frequently associated with the nuclear lens changes of older individuals. As

isolated lens opacities they occur in middle-aged persons more frequently
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than any other form of cataract. When the opacity involves the pupillary

zone, visual acuity can be &-astically diminished, especially in bright sunlight

and conditions with glare.1 Because of the extreme variability of vision

under different lighting situations with this type of lens opacity, it is very

important to measure both near and distant visual acuity when the person's

pupils are not dilated. The person's vision should also be measured in bright

lights, as well as in the usually dimly lit examination room. This can be done

by checking acuity while shining a penlight at the eye being tested, in order

to induce pupillary constriction. These individuals should be re-tested every

6 months.

The following case from Rubin's Optics for Clinicians underscores the

variability of vision with posterior subcapsular cataracts: "A healthy 45-

year-old prison guard complains of a gradual decrease in his visual acuity

over the past year, but interestingly, only when working in bright sunlight...A

check of the guard's acuity in your refraction lane reveals 20/20 OU with his

present corrective lens...A more careful check finds substantiating acuity of

20/400 OU in bright Light levels, and your slit lamp examination confirms

your suspicions of small posterior subcapsular cataracts OU."

Cortical lens opacities in locations other than the posterior subcapsular

region are not usually significant, unless they are associated with changes in

the nucleus of the lens. However, when these opacities are irregular and

whitish, they may scatter and absorb light, especially under bright

illumination, resulting in decreased acuity. The most common type of

cortical change is the aeparation of lens fibers by clear water vacuoles,

which later evolve into cloudy liquid. The configutration of the opacification
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is usually spike-like, aligned radially among the lens fibers. The

opacification is usually concentrated peripherally rather than centrally.1

Class I or I1 applicants with cortical cataracts should have near and distant

acuity examined annually in both dim and bright lights. If best corrected

acuity is not 20/Z0 at distance and near, follow-up examination should be

performed every 6 months. Class III applicants who meet the vision

standards should be tested yearly.

Modern microsurgical techniques of extracapsular cataract extraction with

intraocular lens implantation yield one-year follow-up results of 20/40 or

better best-corrected visual acuity in over 90% of cases who do not have

other peroperative eye pathology or posteroperative macular

degeneration. 4 With such a high surgical success rate for the treatment of

cataracts, it does not seem justifiable to allow pilots with visually

significant cataracts, whose vision may be extremely poor under the certain

lighting and glare situations encountered in aviation, to continue as pilots.

I. Duke-Elder S: System of Ophthalmology. London, Henry Kimpton, 1969, Vol XI, p

63.

2. Duone TD: Clinical Ophthalmolog. New York, Harper and Row, 1976, Vol 1,

Chapter 71-73.

3. Rubin ML: Optics for Clinicians. Gainesvile, FL, Triad Scientific Publishers, 1974,

p 3 4 9 .

4.. Start WJ, et al. The DA report on intraocular lenses. Ophthalmology 1983;311-

'.7 317.
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'i•o Retinal Abnormalities

Central retinal vein obstruction (CRVO) produces symptoms from mild

peripheral visual blurring to severe visual field loss. Varying signs on

examination are present fron marked venous engorgement to a 'blood-and-

thunder' hemorrhagic retinopathy. These variations are most likely

attributable to differing degrees of occlusion in the central retinal vein and

centrdl retinal artery. The etiology is most likely atherosclerotic vascular

disease and diabetes, especially when associated with aging; however, CRVO

has also been related to congestive failure, hypotension, blood dyscrasias,

emphysema, polycythemi, multiple myeloma, and dysgammaglobulinemias.

Prognosis for vision is usually quite poor in the extensive venous obstruction

pattern, and it is variable in the less-obstructed patterns. Persons with

CRVO must be observed closely for development of neovascular glaucoma

during the first year of follow-up. Once stable, after one to two years, the

pilot with CRVO should not require further FAA specialist examinations.

However, he or she may have varying degrees of peripheral field loss in the

affected eye.

Branch retinal vein occlusion (BRVO) occurs three times more frequently

than central .'tinal vein obstruction. It is frequently seen in persons with

longstanding hypeýtensian, but the exact pathophysiology remains

controversial. The progrosis fior visual recovery in BRVO is somewhat better

than for CRVO occlusion. Nst.'al acuity usually improves in approximately

60% of persons with BRVO, and three studies demonstrated visual acuity of

i0/40 or better in approximately 50% one year after the occlusion. This

reduced acuity is usually a result of macular edema anu -usually remains

stable an long-term follow-up. Once stable, the patient s-ould not need
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further examinations by eye specialists for recertification unless new

symptom-, develop.

Central serous retinopathy is spontaneous detachment of the macula

occurring in the Z5 to 50 year old age group. Thiis produces variable

reduction of acu'ty, from mild distortion of central vision to 20/60 or

Z0/100. Recovery -- usually spontaneous, but recurrences are frequent and

the brief attacks usually cause no lasting damage to vision. However,

prolonged or recurrent disease may cause significant long-term central

visual loss. Forty percent of individuals with central serous retinopathy

recover completely within one month. Approximately 20% of the patients

may have the condition for over 6 months. The duration of the disease and

incidence of further attacks may be shortened considerably with focal laser

photocoagulation. Repeated checks of an asymptomatic individual are not

necessary.

Disciform macular degeneration and dominant macular drusen, a form of

hereditary drusen, has an autosomal dominant form of transmission and may

be seen in both eyes between the. ages of 20 and 30. However, vision is

minimally affected, if at all, and there is an excellent prognosis for vision.

No special follow-up is needed.

Serous -nigment epithelial detachment (PED) is a localized detachment of the

M pigment epithelium of varying size with distinct edges. This produces

"")l •vat-ying degree of visual loss, which may completely subside and revert to

essentially normal central vision. The duration of symptoms and remission is

1 variable. PET) occurs in conjuaction with, or is a percursor to, neovascular
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disciform macular degeneration. A person whose PED is subsiding and whose

vision is stable should not need further specialist examinations for

recertification unless new symptoms develop.

Hemorrhagic detachment of the pigment epithelium is associated with new

subretinal vessels of disciform macular degeneration. Visual prognosis is

poor if the detachment affects the central macular region.

Disciform macular degeneration (DMG) is an aging process characterized by

varying combinations and degrees of serous and hemorrhagic detachmeuts of

the pigment epithelium and sensory retina, often leading to loss of central

11 vision due to the formation of a central hypertrophic scar. When the

condition is off center, it may be remedied by laser photocoagulation. This

is a temporary measure, as it only treats the disease process at that

particular time, and recurrences are common. The person's other eye has a -

Z1% to 15% per year risk of developing DMG if the preliminary changes of

di-usen and pigment epithelial disruption are present. Continued

ophthalmologic follow-up is recommended. Testing visual acuity is a -,od

method of identifying active disease.

Presumed histoplasmic choroiditis is a maculaz disease affecting individuals

from 15 to 50 years of age that is characterized by stages of remissionss and

* exacerbations. It is symptomatic only when a ne-ovascular process is

underway adjacent to the fovea. The outcome may be improved by laser

*) photocoagulation if the associated neovascular process is not central. Once

a scar has developed with no evidence of persistent neovascularization, the

vision should be stable unless another acute episode develops centrally.
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Once stable, an individual should not need further specialist examinations for

recertification unless new symptoms develop.

The characteristic feature of surface wrinkling retinopathy, also known as

cellophane maculopathy or macular pucker, is wrinkling of the internal

limiting membrane of the retina on or near the macula. It is usually

associated with aging and is more common in the 50 to 60 year-old age

group. Patients usually complain of minor loss of vision with distortion, and

have visual acuity in the Z0130 to ZO/1O0 range. More severe cases of

macu-lar pucker are occasionally seen with worse than Z0/Z00 acuity.

Progression in this disease is usually quite slow, and these persons will be

stable for many years. Close follow-up is not necessary. For the more

severe cases surgical therapy is probably indicated.

Macular holes, lamellar holes and macular cysts are losses of a circular area

of retinal tissue in the macular region that vary in thicknesz from a portion

V of the retina to full thickness macular holes. They are associated with. a

variable los* of central vision. These are usually considered to be related to

agrin, and once they occur the visual acuity is usually very stable.
Treatment is not indicated. Once stable, an individual should not need

further specialist examinations for recertification unless iew symptows

develop.

Retinoschisis can be divided into senile degenerative retinoschisis and

juvenile sex-linked retinoschisis.
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Typical senile degenerative retinoschiais is present in approximately 1% of

adults; 33% of these people have bilateral disease. It is usually seen far to

the periphery and remains quite stable throughout the aging proc-ass, rarely

resulting in significant visual field change and even less frequently in full

thickness retinal detachm~ent. Typically, it does not extend posteriorly to

threaten the macula, and it rarely requires treatment. A person without

secondary retinal detachment or significant visual field loss should not

require repeated follow-up by a specialist.

Juvenile sex-linked retinoschisis is a vitreoretinal dystrophy that produces

extensive splitting of the peripheral retinal layers, causing peripheral visual

field defects. Almost 10C% of these cases have associated macular foveal

schisis; and many patients have normal central vision. However, the overall

prognosis for central vision remains guarded, with the final visual acuity

often diminishing to 20/ZOO.

Pavingstone degeneration of the retina is characterized 'by one or more

discrete, round foci of depigmentation and retinal thinning located in the far

retinal periphery. It is present in approximaxtely 17% of the population. The

prevalence increases markedly with advancing age. Pavingstone does not

predispose to retinal breaks or retinal degeneration and is basically a benign

condition.

Lattice degeneration is typically a sharply demarcated, linear degenerative

process in the retinal periphery characterized by retinal thinning and

actuompanied by abnormalities in the overlying vitreous. The extent of

involvement varies according to the sizt and number of lesions, from small
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islands to a lattice that completely encompasses the periphery of the

retina. Lattice degeneration is present in 11% of individuals at autopsy and

* is bilateral in 48% of those. Lattice degeneration may be responsible for

* retinal detachment when round holes within the degenerated areas permit a

detachment to begin and progress. The great majority of persons with

lattice degeneration do not develop retinal detachment and, therefore,

continued ophthalmic evaluation of this condition in asymptomatic patients

is unnectssary.

Retinal holes of both round and horseshoe types are .most likely to remain

stable if they have been present for a long time, there is no evidence of

detachment and the individual is asymptomatic. There is considerable

debate regarding the necessity of treating these holes. Most likely, if the

retinal holes are stable, they have very little chance of progression. If the

holes are treated with either laser photocoagulation or cryopexy, the chance

of extension or retinal detachment is almost nil- Round asymptomatic

retinal holes are present in approximately 0.4% of adults and retinal tears

are present in 3.3% of persons at autopsy. A pilot with stable retinal holes

should not need further specialist examination for recertification unless new

symptoms develop.

The vitreous gel normally is attached to the -etinal surface in broad, loose

attachments at the optic nerve, macula, retinal vessels and ora serrate.

Frequently during the aging process tha posterior attachments separate and

cause symptoms of flashing lights and "floaters.' This process, known as

posterior vitreous e'ttachment. nually e.volves over a one-to two-month

period. An examination must be done to evaluate the possibility of
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associated retinal tears. If symptomatic retinal tears occur with this

condition, prophylactic laser or cryopexy treatment is necessary. If a retinal

tear does not occur over this time period, the individual has very little

chance of having such a tear in the future and can be deemed stable unless

new symptoms develop. Once stable, a pilot with posterior vitreous

detachment should not need further specialist examinations for

recertification unless new symptoms develop.

Rhegmatogenous retinal detachment stems from the development of a

retinal tear with fluid passing through the tear to elevate the retina. The

overall incidence of retinal detachment varies from 0.005% to 0.01% per

year. Detachment is present in 1-3% of persons with aphakia. Once a

retinal detachment iL treated with a successful scleral buckling procedure

with adequate retinopexy scarring, that is, scarring of the retina to the outer

pigment epithelium, the condition is most likely to be stable. Chances for

redetachment 6 to UZ months later are small. In cases of uncomplicated

retinal detachment with excellent -recovery of visual acuity, continued

examinations for recertification are not necessary as long as the condition is

deemed stable by an ophthalmologist through a period of one year.

Peripheral visual fields may be affected if the retina was detached for an

extended period or if extensive retinopexy scarring was present. A careful

examination of the visual fields is advisable.

Spontaneous vitreous hemorrhage in the nondiabetic patient most likely is

due either to posterior vitreous detachment with avulsion of a small retinal

vessel, which is possibly associated with a retinal tear, or to associated

occlusive vascular disease. Vitrecus hemorrhage is usually worked up by
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ocular echography to identify signs of retinal detachment. If no signs of
detachment are present, the hemorrhage is periodically observed. If no

clearing occurs, pars plana vitrectomy surgery to remove the hemorrhage

may be indicated. When the hemorrhage clears and the retina appears intact

without evidence of vascular disease, the condition is most likely to remain

S stable. The periphery of the retina must be examined for evidence of retinal

tears or holes, and these should be treated appropriately. If occlusive

vascular disease, such as central retinal vein occlusion or branch vein

occlusion, were the etiology for the vitreous hemorrhage, these conditions

would have to be treated appropriately.

Diabetic retinopathy can be divided into the classifications of background

and proliferative. Background retinopathy can be regarded as a stable, or as

a very slowly progressing condition in which sudden changes in visual acuity

T are highly unlikely. The principal impairing visual problem of background

retinopathy is macular edema resulting from vascular leakage. This macular

edema is a slowly progressive disorder, and results of treatment by laser are

poor. Proliferative retinopathy may be regarded as a more active, advanced

condition that is likely to lead to sudden visual change as a result of vitreous

hemorrhage. It is associated with the development of new pre-retinal blood

vessels on the optic nerve and in the retinal periphery. This is a dangerous

ocular condition, because the vessels may bleed spontaneously; this may lead

to preretinal or vitreous hemorrhages, and further vitreous contraction and

retinal detachment are possible. This condition may be helped by laser

photoco;,gulation. Yearly ophthalmic examinations are indicated.
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0 Refractive surgery

There have been a variety of approaches to refractive eye surgery over the

past ZOO years, such as lens modification, eye shortening, corneal stroma

modification, corneal releasing incision, anterior corneal grinding, corneal

thermal procedures, corneal intralamellar lenses, and epikeratophakia.1

Presently, there are several refractive surgical techniques, including radial

keratotomy, epikeratophakia or keratophakia, and keratomiieusis.

Radial ker;totomy consists of making deep radial cuts in the cornea, sparing

a 3 to 4 mm central optical zone. The number of cuts may vary, but usually

it is 8 or J.6. As the cuts heal and scar the central cornea flattens,

decreasing the axial length of the eye and the degree of myopia.

Studies presently available are not adequate to assess fully the risks and

* long-term effects of radial keratotomy. The study with the longest follow-

up (five years) is not adequate in design, because the surgeon is the same

individual who performed the follow-up examinations. The National Eve

Institute has organized a study, the Prospective Evaluation of Radial

Keratotomy (PERK Study), which is well-designed and allows for independent

foUow-up evaluation of patients by an observer other than the surgeon.Z

Results of this study are pending.

Surgical results with radial keratotomy are variable. Stability of

postoperative refrection is also variable, especially in the first few months,

when night glare and fluctuating vision are significant complaints. Glare

results from diffraction of light by the corneal scarring along the incision

lines. Fluctuations in vision are probably related to diurnal changes in t1he
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intraocular pressure and their effects on the shape of the healing cornea. In

the early postoperative phase, significant glare has been reported in 50% to

79% of cases and significant visual fluctuation in 33% to 60% of cases. 2

These complications decrease with longer follow-up, but they are not

transient in many cases. In a recent study of 290 patients, 26% reported

mild to moderate problems with glare, and Z3% reported mild to moderately

fluctuating vision one year later. At one-year follow-up, 40% of these

patients had uncorrected distance acuity of Z0/20 or better, and 83% had

uncorrected acuity of 20/40 or better. Ninety-one percent of these patients

had a best-corrected visual acuity of 20/15 to 20/20.3

Ninety one percent of individuals who have undergone radial keratotomy

would meet the visual acuity standards for i Class I certificate. However,

approximately one-fourth of these persons have some mild to moderate

difficulty with glare, visual fluctuation, and night driving. These are

subjective phenomena that cannot be detected or quantified with present-

day examination techniques. For this reason, persons who have undergone

radial keratotomy should be excluded from obtaining Class I or II

certificates. Those individuals applying for Class IM certificates should not

be certified until at least one year after radial keratotomy. Visual acuity

and refraction should be stable when tested repeatedly over an eight-hour

time period. The applicant must be queried about difficulties with glare and

night driving. If these symptoms are present, the applicant should be denied

- .certification.

These recommendations are in accordance with the recommendations of the

National Advisory Eye Council of the National Eye InstiLute, which has urged
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restraint by both patients and ophthalmic surgeons in using radial

keratotomy until the long-term results of controlled clinical trails are

known.z

In keratophakia and epikeratophakia a lathe-cut donor corneal button is

sutured either within the recipient's corneal stroma (keratophakia), or on the

de-epithelialized surface of the recipient's cornea (epikeratophakia). Both

procedures are highly experimental and are utilized primarily in unilaterally

aphakic children who are not tolerant of contact lenses. 1

Preliminary data suggest the epikeratophakia may have some application in

myopia and keratoconus, but this research is in its infancy and not clinically

significant at this time.4

Keratomileusis was developed over 25 years ago by Jose Barraquer in

Bogota, Colombia. The technique requires very sophisticated instruments

and extensive training ax'd experience by the surgeon to be performed

safely. Recently, there has been increased interest in keratomileusis in the

United States, and thert are now a few American ophthalmologists who are

performing this pi ,cedure.

0

The surgical technique consists of using a specially-designed microkeratome

to shave off the central outer layers of the patient's cornea. This corneal

tissue is frozen, placed an a cryolathe, and a lathe-cut to the predetermined

shape for correction of the patient's refractive error. The tissue is then

thawed, and resutured to the patient's cornea. Keratomileusis can be used

for hyperopia, but it is primarily used for correction of myopia between 6
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and 18 diopters.

Most complications occur during the operation and involve irregular cutting

of the lenticule by the keratome, or damage to the tissue by the cryolathe.

In a few cases, there has been opacification at the tissue interface and a

resultant decrease in visual acuity.

Although keratomileusis is effective in reducing refractive errors, the

results are rather unpredictable. At a mean postoperative follow-up of 5.5

years, Swinger and Barraquer reported improvement of the preoperative

myopic refractive error in 51% of 85 patients. 6  One advantage of

keratomileusis is the absence postoperatively of glare and visual fluctuation.

If an individual does get a good result, it seems to be stable. Therefore, we

recommend certification of applicants at least one year after

keratomileusis, with best-corrected visual acuity that meets the standards,

and with no other ocular pathology.

1. Binder PS: International Ophthalmology Clinics. Boston, Little, Brown and

Company, 1983, Vol 23, No 3, pp 1-9.

Z. Bores LE, Stark WJ, et al: Radial keratotomy. Survey of Ophthalmology, 1983;

---, 3. Dietz MR, et al: Radial keratotomy: An overview of the Kansas City study.

Ophthalmology 1984;91:467-478.

4. Binder PS: op cit, pp 45-58.

5. Ibid, pp 75-92.

S6. Ibid, pp 167-192.
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o Glaucoma

Although both surgery of the iris and laser iridotomy are highly effective in

the control of acute congestive or angle-closure glaucoma, there is a

continuing dispute about the medical and surgical management of open-angle

glaucoma. Traditional drugs used in the control of glaucoma such as

pilocarpine, eserine, carbachol, phospholine iodide and others, have had an

undesirable side effect of reducing pupillary diameter and inducing myopia.

These drugs, instilled topically in the aye, interfere with needed pupillary

enlargement under reduced illumination, which may lead to fibrosis of the

iris and reduced mobility of the pupil. Pilots would be at a visual

disadvantage at night or in dark, cloudly weather, and in processing remote

visual cues when their pupils are constricted by the miotic drugs.

Fortunately, there are other effective drugs for the reduction of seriously

elevated intraocular pressure: the levo-epinephrine group of drugs (Epifrin,

Epinal, Epitrate, Glaucon, Eppy-N, Propine) and the beta adrenergic blocking

drugs such as timolol (Timoptic).

Normal intraocular pressure is generally between 15 and Z5 mm Hg, though

occasional persons tolerate pressures slightly over 25 mm Hg. When

intraocular pressure is elevated above 25 mm Hg or when the pressure

gradient in the two eyes is larger than 5 mm Hg, the person has either pre-

glaucoma or open-angle glaucoma. Normal visual function may be

maintained when there is no pathologic enlargement of the optic cups or

visual field defect, including vertical enlargement of the blind spot,

scotomata in the arcuate distribution oi optic nerve fibers above or below

the macula, or small nasal step defects.
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Pilots who have a diagnosis of primary glaucoma, but whose pressure is

completely controlled by surgical or laser therapy without optic nervehead

or visual field damage, may receive clearance for flying, but they must be

re-examined annually. If open-angle glaucoma has been well controlled by

the topical use of sympathomimetic drugs and/or beta adrenergic receptor

blocking agents, airmen may be certified for flying if there is no optic cup or

visual field damage. The use of miotic medications or systemic carbonic

anb•drase inhibitors such as Diamox, Daranide or Neptazane, is grounds for

denial of medical certification.

0 Anisometropia

Anisometropia is the term applied to the. condition wherein the refractions

of the two eyes are unequal. Mild anisometropia is a common condition,

YC especially if astigmatic errors are present. More severe anisometropia may

affect the vision in one of three ways: 1) vision may remain binocular; Z)

vision may alternate from one eye to the other or; 3) vision may be

exclusively unliocular with complete suppression and amblyopia in one eye.

Generally, a difference in the refraction between the two eyes of greater

than Z.50 diopters is probably the limit of tolerance for binocularity,

although iH rare istances binocular vision has existed with a difference of

5.00 or 6.00 diopters. Each 0.2-5 diopter difference between the refraction

of the two eyes causes a 0.5% difference in size between the retinal images,

and it is believed that a difference of 5%, which would occur at Z.50

diopters, is probably the limit that can be tolerated. This is not an absolute

rule, because one must know how much of the difference is due to the axial
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component and how much is due to the refractive component before one can

arrive at a definite percentage difference in size of the images on the

retina. A more simple and direct test for binocularity, such as a test for

stereopsis, would be more significant from a performance standpoint than

consideration of the factors mentioned above.

If the difference in acuity between the two eyes is above where binocular

vision can be maintained, then the individual may alternate vision with each

eye being used one at a time. This is apt to occur when both eyes have good

and/or nearly equal visual acuity. In fact, this type of anisometropia, in

which one eye is myopic and can be used for near vision and the other eye is

emmetropic or hypermetropic and can be used for distance, may even be

considered advantageous. This indiviudal would not have true binocularity or

stereopsis. If the acuity in ome eye is poor, then that eye may be excluded

completely from vision at an esxly age in life; that is, this eye beco'-es

amblyopic and the individual relies on the opposite, better eye to see.

Anisometropia is an important factor in the development of strabismus in

children.

The present FAA examination does not include tests for stereopsis, and the

proposed revisions eliminate refractive error limit3 and use visual acuity as

, the limiting standard. Thus the topic of anisometropia becomes academic;

the AME gathers no inforuation to diagnose it, and there is not a

performance test to detect this condition.

This leads to a discussion of the frequency of this condition. Anisometropia

is the rule rather than the exception. However, until one has about a 1.50
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diopter difference, the anisometropia is not clinically significant. A

difference in the refractive error of 1.00 to 1.25 diopters occurs in about 7%

to 8% of a randomly selected population; of 1.50 to 2.00 diopters in about

3%; and of 2.00 diopterm and over in about 1.5%. Therefore, a 2.50 diopter

difference occurs in lews than 1% of the population. Present US Air Force

regulations limit the amount of anisometropia for Class I entrance into pilot

training to a 2.00 diopter difference. However, the refractive standards for

entrance are quite strict, ranging from plano to +Z.00 diopters of

hypermetropia. It is possible to waive an individual into training with

greater than that amount of difference if he or she passes a performance

test, such as a test of stereopsis either by the orthorater or other vision

screeners, or the Verhoeff depth perception test.

Individuals with high anisometropia resulting in amblyopia can be considered

monocular. These individuals, however, still use the peripheral field of the

poorer eye, which is obvious'y useful iu aviation. Therefore they should be

able to perform adequately. Individuals who are monocular with loss of

central vision due to cau-ses suc-h as trauma, retinal problems such as central

serous retinopathy, and macular degeneration, still have the benefit of

peripheral vision, and in these cases their loss is simply one of stereopsis.

Stereopsis is good to have and to use in flying. Yet it has been shown that

one can adequately ascertain position and depth in a three-dimensional space

with clues other than stereoscopic vision.

The monocular pilot who has lost an eye does have the disadvantage of also

having lost the peripheral field on that side. However, the FAA has long

allowed one-eyed pilots to demonstrate their ability to compensate for the
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"loss and perform airman duties.

The present standards for monocularity are acceptable and should be

modified only slightly: uncorrected distant visual acuity should not be worse

than ZO/ZOO, and the 3.50 diopter refractive error limit should be deleted.

Individuals whose refractive error is greater than 4.00 diopters will not be

able to see Z0/ZOO and therefore would fail this part of the standards.

Certification s"ald be granted only on special issuance after a thorough

ophthalmologic examination.

Refernces an Refractica

*_• Borish IM: Clinical Refraction, ed 34. Chicago, Professional Press Inc, 1970.

Duke Elder S: Practice of Refraction, ed 9. New York, Churchill Liviagston, 1978.

Milder B, Rubin ML: The Fine Art of Prescribing Glasses. Gainesville, FL, Scientific

Publications, 1978.

Michaels DD: Visual Optics and Refraction: A Clinical Approach. ed Z. St. Louis, CV

Mosby Co, 1978.
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Repioductive-Urinary System

Rena Calosli

An applicant with a renal calculus or history of a renal calculus should have

complete studies to determine the a~iology and prognosis prior to issuance of a medical

certificate. These studies should be left to the discretion of a qualified specialist and

shoula include an excretory urogram and metabolic studies to include serum calcium, uric

acid, phosphorus and creatinine, and 24-hour urine measurements of calcium, uric acid,

oxalate, phosphorus and urine pH1.

The factors in the history that should be documented are the number of times

k stones were passed during the past 6 months, history of surgery for stone disease, history

I of medical treatment for stone disease, history of gastrointestinal bypass surgery, and

compositioii of the previously passed urinary calculi.

The applicant should be disqualified only under the following circuxmstances-,

W671. If there is a urinary calculus that causes pain, urinary obstruction, or urinary

infection;

2. If there is an uncorrec ted metabolic ahnoitnality that is related to stone

formation;

3. When there are two or more episodes per year of passage or removal of

urinary calculi.

The applicant should not be disqualifiaed for stones that have not result, in pain,

-~obstruction or fever during the preceding 6 toonths, or stones that ar<- inca.-cerated

within the renal parenchyma or calice~a divert icula-.

Most sries have estimated the prevalence of serenal stones ia the general

population to be about 61-t) The greates!1- prevalence is found ir. you%-- males, who also

-S-) are the majority of the population oft pilots. At the present time, it is estimated that
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there are approximately 800,000 licensed ci'ilian pilots. If they are re-resentative of

the population as a whole, it fo-lows that 6%, or 48,000, would have stones. In addition,

there are abcut 24,000 Air Force pilots and similar numbers in the Navy and Army. This

would seem to provide an ample population for problems to have surfaced if they actually

existed.

We contacted several sources in an attempt to find such problems, including the

Air Force Inspection and Safety Center at Norton Air Force Base in California, the chief

medical officers of three major airlines, and the National Transportation Safety Board

(NTSB). The NrSB data bank from 1964 to the present had no record of aircraft

incidents caused by kidney stones. That is, to date no one has been able to document a

single case in which renal colic was found to be the cause of a crash or collision.

Although there is one case in which an autopsy revealed the presence of a small

stone in the ureter of a pilot who was .killed a'ong with his entire family on a cross-

country flight, the pilot bad mild bilateral hydronep!1zosis and was reported to have back

pain for several hours prior to the flight. If this truly represents a crash secondary to

zenal colic, it is the only one of which our sources are aware, and it would cerve to

substantiate the fact that unlike heart attztk, stroke, and syncope, symptomas of renal

colic rarely strike suddenly. There is usually a gradual onset of back, flank, or abdominal

pain over an hour or more before acute colic. This is usually plenty of time for the pilot

to decde not to take off, or if already in the air, to land. Obviously, the pilot must be

aware of the cause of the back pain. Thus, the pilots at greatest risk are those who do

not know they have stones, and who give a negative history. It is the lack of knowledge

Uf the condition, rather than the condition itself, that puts tCe pilot at risk.

Unlike strokes, heart attacks, peptic ulcer disease, and certain forms of asthma

and psychiatric disorders, stone passage is not related to stresa. Thus, the flight

environment does not increase the likelihood of incapacitation from the passage of a

stone.
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In spite of the risk of sudden incapacitation, over 1300 pilots have been returned

to the cockpit after already having had one myocardial infarction. Similarly, over 400

pilots who have had coronary artery bypass surgery have returned to flying status,

although their risks of sudden incapacitation and death have not diminished greatly as a

result of the surgery.

Unfortunately, urologists often have been put in the position ol having to make a

statement regarding the likelihood of stone passage. This is very inexact in &ll but a

minority of cases. The physician's true responsibility should be the identification of the

stone and education of the pilot about his or her condition. A pilot with a history of

renal stones should be taught what the symptoms of renal colic are, so that he or she

would know not to take off, or if in the air, to land the aircraft as soon as possible.

Persons on hemodialysis should be disqualified to fly. Whereas most persons on

dialysis are stable metabolically and are able to carry out normal activities, they should

not be allowed to operate an aircraft for the following reasons:

1. All of these- individuals are significantly uremic, having serum creatinine

levels of greater than 2.5 mg/dl. Such levels are associated with

significantly iigh risks of electrolyte abnormalities, such as hypo- and

hyperkalemia, hypo- and hypercalcemla and hypo- and hypernatremia, all of

which can cause rhanges in awareness and neurorauscular coordination, and

increase the likelihood oZ sudden, incapacitating cardiac or neurologic

events.

S•. Dialysis is usually done at the point at which aberrations in blood chemistry

begin to pose a threat to the patient in his or her normal activities. This is

% .,r, far beyond the threshold of aviation safety. This is consistent with the

4.ý
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"prohibition on flying after drinking or after having ingested any medications

that peoduce central nervous system effects. It is quite conceivable that a

-- _ pilot would operate his or her aircraft enroute to dialysis treatment, at

which time his or her metabolic status would be at its worst.

Genitourinary Malignanc

Genitourinary malignancy, even if metastatic, that is adequ-.tely treated and

documented to be stable, should not be disqualifying. Current treatments for most

genitourinary malignancies result in a sufficiently high cure rate and/or stabilization that

most persons can live many years without disability. The medical certification branch

should request a report every 6 montbs documenting the stability of the malignancy.
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Musculookeletal System

o The medical flight test for musculoskeletal disorders.

Provided all other aspects of the medical examination would qualify the

applicant for i3suance of a inedical certificate, av. applicant with a physical

limitation due to a musculoskeletal disorder may be authorized to undergo a

medical flight test (MFT). The MFT is usually done in conjunction with the

flight test for a pilot's certificate. Should the pilot not satisfy all

nonmedical requirements for a flight or if he or she already holds a pilot's

certificate but requires a medical flight test to evaluate a deterioration in

physical condition, only the medical flight test will be administered.

The AME should defer issuance of a certificate to a person with a

musculoskeletal disorder unless the otherwise qualified applicant is applying

0 tfor student pilot status. In this situation the AME may issue a certificate

bearing the limitation: "Valid for Student Pilot Purposes Only," which will

permit the applicant to proceed with flight training until such time as a

private pilot flight test is appropriate. The applicant should then request

through the FAA an MFT in conjunction with the regular flight test. This

affords the student an opportunity to demonstrate ability to control the

aircraft despite physical limitations.

The MFT consists of procedures specifically designed to ensure safe

operation of the aircraft despite the physical limitations of the applicant.

1•1• The applicant will be tested under marginal or simulated marginal conditions

to ensure satisfactory operations in emergenci., in adverse weather, at

MID 
twilight, and at night.
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The applicant may use special external devices or prostheses to assist in the

control of the aircraft. The controls of the aircraft may be modified to

compensate for physical limitations of the applicant. Should external

devices be employed, it is important that the device does not interfere with

safe operation of the aircraft, as by emitting electronic signals that could

tntezfere with aircraft navigation instruments. If such devices are used

satisfactorily during the flight test, the use of the devices becomes a

condition of issuance of the medical certificate. Should an aircraft have its

controls modified to compensate for physical limitations, the applicant's

medical certificate may be limited to operations involving only that specific

aircraft.

The results of all MFTs will be reported by the FAA flight examiner to the

medical office authorizing the test. A pilot's certificate issued after an

MFT must bear any limitations the instru-tor conducting the test finds

necessary for safety. Operating limitations required by physical limitations

may restrict holders to certain aircraft types, special equipment or control

arrangements, or special operating conditions. These limitations should be

as general as possible to reduce the necessity of additional special medical

tests when the pilot desires to fly aircraft types other than that for which he

or she is physically competent.

Ný

Although he or she is unable to authorize or conduct an MFT, the AME

should be familiar with the policies and procedures involved. The routine

AME evaluation provides an excellent opportunity to discuss with the

examinee the aspects of thr MFT. This will assist the examinee in

developing realistic expectations and reducing anxiety.
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Barg Ma~e, ~Thzoat and Related Structures

An applicant who is seeking certification for the first time after mouth, tongue,

nose, pharynx, or larýnx surgery, or who uses an artifical voice-producing device, should

be assessed carefully to ensure intelligibility of voice communication. If there is a

question that intelligibility is such that the applicant may not be understood over the

radio, he or she might still be considered for a Statement of Demonstrated Ability

(SODA) or a special issuance certificate.

A history of, or surgery for, benign tumors is not disqualifying. A history of

treatment for chronic infections, tumors, or recurrent acute infections is not

disqualifying, unless the disease or its treatment has affected speech to a degree that

would compromise radio communications.

The AME should be allowed to make the decision about certification in most

instances. In situations where there is a doubt, the AME should order a voice recording

. and send it with a request for a SODA. to the FAA.

Conditions that should be considered as absolutely disqualifying include acute,

paroxysmal, unpredictable attacks of vertigo, which may arise as a result of

endolymphatic hydrops, or Menier-'s disease, perilymph fistula, benign and malignant

temporal bone tumors, and multiple sclerosis. Malignant tumors of the head and neck

with metastases outside the region should also be considered as absolutely disqualifying.

A history of milignant tumor of ,he oral cavity, sinuses, throat or larynx without

distance metastasis is not necessarily disqualifying. The decision for certification should

be- made on a case-by-case basis. Tue following factors should be considered:

I. The extent of the tumor when first treated, specifically whether there was

W. spread to the glands of the neck or other site-s.
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Z. The time elapsed since treatment. A period of 24 months without

recurrence is satisfactory in determining success of treatment. Applicants

with a history of early cancers from sites with a limited potential for

metastasis, such as the lip, the vocal cord or skin, need not be permanently

disqualified.

3. The effect of treatment on the voice.

Individuals who have been treated two or more years prior to examination, and

who have not experienced recurrence or required more treatment, and whose voice

quality is satisfactory to the AME for the tasks that are required by the class of airman

for which he or she is applying, may be certified by the AME. Others should be referred

to the FAA with a voice recording, a pathology report, dates and description of

treatment, and comments about health status and prognosis from the treating physician.

A certificate may be given to an individual 6 weeks after middle ear and/or

mastoid surgery, including stapedectomy, unless the person experiences vertigo with a

Valsalva maneuver or has a positive fistula test. The person must also meet minimum

hearing standards.

The hearing standards should be the same for all three classes of airman.

Applicants who fail to meet the minimum hearing standards should have complete

audiometric testing, including tests for both speech discrimination and speech reception

threshold. A speech discrimination score of 70% or better should be considered

acceptable, even though the airman's hearing does not meet the pure tone air conduction

audiometric standards. A waiver should be considered for those airmen who do not meet

the hearing standards even after thorough evaluation. If applicable, they might be

restricted to flying outside controlled air space, or with another certified pilot who can

perform the radio communication.

IV- 146

-_ _



Dermatology

The addition of syphilis as an item in medical history requires the examiner to

obtain a history about the occurrence of syphilis and its treatment. Records from the

treating clinic or physician may have to be obtained, as well as laboratory data to

support the diagnosis and the treatment protocol. Minimal workup would require a

VDRL, with titers if positive, and FTA-ABS. No-titer or low-titer VDRL with

dccumentation of reversal in VDRL titer with treatment would suffice as evidence of

adequacy of treatment. If there is any question about the adequacy of previous

"treatment or if the current titer is elevated, retreatment using current Centers for

Disease Control guidelines might be necessary. Any evidence of tertiary syphilis requires

referral for neurological and cardiovascular evaluation.

Acute and chronic urticarial eruptions are common and are usually benign unless

complicated by angioedema. An airman would disqualify himself or herself from flying

while experiencing tue dermatosis or its treatment. However, hereditary angioedema

and acquired angioedema are disorders with catastrophic symptoms and signs, which

would endanger the safety of a pilot and passengers. Therefore anyone with a history of

acquired angioedema for which no etiology has been documented, or who has not been

free of angioedema for a period of two years without drug therapy, would be

disqualified. A family history of angioedema, or a history of urticaria associated with

abdominal pain or explosive diarrhea, werits further diagnostic testing by consultants

familiar with the disease.

Familial or acquired cold urticaria is associated w:th localized or generalized

edema that could L-Iterfere with the proper use of the aircraft control systems. In

extreme cases it is accompanied by profound syncope and hypotension. Cold urticaria

can usually be diagnosed by the application of ice to the skin for as little as 15 seconds,

IV- 147



*but the skin may require rewarming before symptoms and signs become cl~mically

evident. History is important in the diagnosis, and only an applicant with a positive

family history or a personal history of cold-induced eruptions should be tested.

An individual with skin lesions or a history suggestive of underlying systemic

disease should be referred to an internal medicine or collagen vascular disease consultant

for testing before a certificate is issued.

Most persons with a history of skin cancer that has been completely removed may

be certified to fly. The exception is a person with malignant melanoma. The reader is

referred to the oncology section for recommendations about follow-up of persons with

malignant melanoma.
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Respiratcry System

lntroduction

The evaluation of the respiratory system of the applicant for an airman medical

certificate is critically important to aviation safety. Since altitude affects respiratory

function, careful assessment of pulmonary status is required to prevent incapacitation

during flight. Two general considerations are useful in approaching this evaluation:

(1) MaintenAnce of adequate oxygenation throughout the period of flight. A

variety of disease processes can have major impact on oxygenation, either acutely or

chronically. The AME must recognize those individuals who are at risk for chronic

hypoxia and assess the likelihood of dangerous deterioration of oxygenation during

flight. Furthermore, acute lung diseases such as asthma that cause hypoxia must be

evaluated with respect to the likelihood that hypoxia will occur without warning and

affect the ability of the airman to perform his or her duties.

(Z) Carbon dioxide is a substance that diminishes the airman's ability to fly safely,

and its retention is a warning sign of serious abnormality of respiratory function. Since

direct measurement of arterial oxygen and carbon dioxide levels is costly and generally

unavailable in the AME's office, clinical asessment of respiratory function, including the

medical history, physical examination and spirometry, will ordinarily be used to separate

those applicants requiring further evaluation of their arterial oxygen and carbon dioxide

levels from the majority who do not. Furthermore, a hbtory of prior severe respiratory

tract disease of any type, dyspnea on mild exertion, persistent cough, hemoptysis, and

prior diagnosis of pneumonia within the past month, or a neoplasm, should result in

deferral of issuance of a certificate until a chest radiograph has been obtained and

interpreted.

The most common threat to normal pulmonary function is cigarette smuoking. A
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major responsibility of the AME is to actively discourage applicants for medical

certification from smoking cigarettes and encourage them to seek assistance in quitting

P smoking through community or employer-sponsored smoking cessation programs. A

history of cigarette smoking totalling 20 pack-years or more should result in deferral of

certificate issuance until spirometry has been obtained and evaluated. Spirometry should

also be done when there is a history of chronic obstructive pulmonary disease (COPD),

asthma, dyspnea on exertion or findings at physical examination of thoracic deformity,

wheezing, rales, diminished breath sounds or hyperresonance. Pulmonary dysfunction

presumed to be moderate or severe requires that the applicant be examined by a

qualified pulmonary specialist, whose report must include an opinion of the severity of

pulmonary impairment (mild, moderate or severe). Severe COPD, pulmonary fibrosis,

previous pulmonary resection, recent pulmonary emboli, or cyanosis should be evaluated

with spirometry and arterial blood gas measurement prior to issuance of a medical

certificate, to assure that there is adequate oxygenation, which is defined as an arterial

oxygen tension (PaOZ) greater than or equal to 65 mm Hg.

Spirometric analysis of lung function is an important tool for the evaluation of

applicants for medical certificates. Simple spirometers should be available to the AME

for routine use in these examinations. In order to assure accurate data collection, a

water sealed spirometer or a rolling seal spirometer is recommended for use. Use of

other types of spirometers is specifically discouraged. Peak flow meters are not capable

of providing the type of information required for accurate assessment of lung function,

and their use ks unacceptable. The measurements required for analysis are the forced

vital capacity (FVC) and the forced expiratory volume in one second (FEVy).

The danger to ptIblic -safety of certifying individuals with serious pulmonary

disease Ls great: both judgment and the ability to perform complex tasks are affected

adversely by poor respiratory function. The AME Guide contains recommended

dispositions for each of the various types of lung diseases. This section presents the
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rationale for these recommendations.

Infectioum Diseases of the Lung

o Definition

The lung and pleura are susceptible to multiple types of infections, whose

causative agents, precipitating events, courses, pathology and prognoses vary

widely. Only general principles can be addressed in this section. Pneumonia

represents the prototypic lung infection, since it is common and may be

associated with complications or sequelae.

o Aeromedical significance

2•-• Pneumonias are a major cause of morbidity, disability and death in the

* • United States, despite the availability and widespread use of many effective

''V • antimicrobial agents. It is likely that many applicants for certification will

have a history of pneumonia in the recent or distant past. The acute or

chronic symptoms of pneumonias and the possible involvement of the disease

process in other organ systems could adversely affect flying performance

and endanger the individual's well-being if he or she in permitted to fly. For

example, mucus plugging of bronchi, when it occurs in the course of any

pulmonary infection, may disrupt equi'libration of airways- pressure and result

in pneumothorax during changes in altitude. Also, applicants with untreated

tuberculosis or those in the early stage of treatment for this disease way

present a contagious risk to other individuals.

o Clinical manifestations and diagnosis

Symptoms of infectious pneumonia are usually obvious, although their otset
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may be insidious in persons with viral1 infections. Fever, cough and shortness 4

of breath are common and may be associated with sputum production,

particularly in bacterial processes. Purulent sputum may suggest a bacterial

infection, but it is diagnostically nonspecific. However, foul-smelling

sputum suggests a mixed anaerobic infection and possibly a lung abscess.

With bacterial pneumonia, physical examination usually shows tachypnea,

rales or signs of pulmonary consolidation. T7here is often a paucity of

physical findings in nonbacterial pneumonias. The chest radiograph may

show areas of alveolar filling or interstitial infiltrates, or both. Large

pleural effusions more commonly accompany bacterial pneumonlas than viral

infections. Leukocytosis with a shift toward immature le'ikocyte forms may

occur with either bacterial or nonbacterial pneumonias, although

significantly elevated white cell counts are more common with the former.

Viral pneuinonias may depress the leukocyte count and cause a relative

lymphocytosis. Arterial blood gas analysis invariably shows some hypoxernia,

which is caused by pulmonary arterial blood shunting through relatively

unventilated, microatelectatic are-as of the lung caused by inflammatory

edema or mucous obsttuction of the airways.

Although the history, physical examination, complete blood count, chest

radiograph, appearance of the sputum and skin tests may lead to a diagnosi's

of pneumonia, these data themselves do not yield an exact diagnosis. A

specific microbiological diagnosis is important since antimicrobial therapy is

most effective when it is directed toward the specific infecting pathogen.

Sputum smears and cultures, blood cultures and appropriate ser-Ologic tests

should be obtained early. Although there is controversy about the usefulne-sa

of sputum analysis, the Gram stain showing white cells and bacteria may be

IV -15Z

~~~~~ k %4'-* p '



acceptable and reliable if the respiratory secretions contain alveolar

macrophages rather than squamous epithelial cells. On the other hand, the

absence of white cells or organisms in the sputum smear way suggest a

nonbacterial infection.

-- Depending on the severity of the illness and other factors, more invasive

diagnostic methods may be necessary. These procedures include

transtracheal aspiration, thoracentesis with or without pleural biopsy,

flexible fiberoptic bronchoscopy, percutaneous needle aspiration, ar

open-lung or -pleural biopsy. Extrapulmonary involvement associated with

pneumonia should also be assessed and properly cultured. The institution of

empirical antimicrobial therapy may be warranted and even essential prior

to determining t'e microbiological etiology in persons with a rapidly

"progressive course of disease.

o Prognosis

In the average healthy person the prognosis for most pneumonias is generally

4  excellent with appropriate antimicrobial therapy. Most coursos of

antibiotics are limited in duration, because the acute pneumonia usually

resolves without residual effects. Viral pre-umonias usually resolve

spcotaneously with treatment of symptoms. Repeated or chronic

antimicrobial therapy is usua.'y necessary in perzonr with significant

tracheobronchitis, slowly r->sponding lung abscess, bronchiectasi.- or funged

pneumonias, and in persons having chemoprophvlaxis or trea.imi-,4 of

tuberculosis.

%
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Asthma

o Definition

The term, asthma, represents a large, heterogeneous group of disorders

characterizfd by hyperreactivity of the tracheobronchial tree to various

stimuli, and manifested by widespread narrowing of the airways, or

bronchoconstriction, which changes in severity either spontaneously or as a

result of therapy. Constriction of the smooth muscle of the bronchioles is

the most common functional abnormality in asthma, but other changes, such

as mucosal -adema, mucous hypersecretion and hypertrophy of bronchial

smooth muscle cells also contribute to diffuse airways obstruction.

o Aeromedical significance

Asthma is a common disorder, affecting approximately 5% of the US

population. Therefore, some candidates for medical certificates will have

active asthma or a history of asthma. In addition, a transient period of

hyperreactivity of the airways may occur in susceptible, nonasthmatic

.N individuals following viral upper respiratory tract infections. For unknown

reasons these infections occasionally lead to persistent asthma in some

individuals.

The occurrence of an asthinatic aatack, regardless of severity, or the

presence of chronic, symptomatic asthma is obviously incapacitating and

affects flying performance and safety. Recurrence or worsening of asthma

is frequently unpredictable due to the variable nature of the disorder.
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o Clinical manifestations and diagnosis

Asthma is characterized by episodic wheezing, dyspnea and cough of varying

severity and duration, depending on exposure to stimuli and the nature,

intensity and duration of such stimuli. Symptoms range from mild and

infrequent, that is, occurring only with upper respiratory tract infections, to

severe and intractable, which is known as "status asthmaticus." An

asymptomatic asthmatic individual may have subtle or minimal physiologic

abnormalities on pulmonary function testing. During an asthmatic attack

the person commonly has some respiratory distress; inspiratory and

expiratory airflow obstruction, which is characterized by audible,

generalized wheezes and reduced spirometric flow rates; hyperinflation of

the lungs, characterized by hyperresonance on percussion and elevated total

lung capacity and residual volume; and arterial hypoxemia with hypocapnia.

The severity of the asthma may be characterized objectively by evaluating

expired flow rates:

Degree of Obstructive
Impairment FEV1 % predicted FEV1/FVC %

Normal 80 or greater 69 or greater

Mild 70 -79 61-68I •.Moderate 60- 69 50 -60

Severe 59 or less 50 or less

Other laboratory findings may include tenacious. mucoid sputum with

mucous plugs and eospinophils, blood eosinophilia, and transient arrhythmias

V_ or electrocardiographic changes of right-heart strain. Chest radiographs are
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usually normal or show reversible hyperinflation of the lungs. Transient

pulmonary infilhrates or pneumothorax rarely are present.

The developmomt of pulsus paradoxus, disappearance of wheezes (not due to

therapy), or normocapnia during an asthma attack is a sign of advanced

respiratory fatigue and failure, which calls for immediate and vigorous

hospital management.

The diagnosis ,f asthma • suggested by a history of episodic wheezing and

shortness of breath. Confirmation is provided by spirometry showing an

obstructive vent-latory pattern that is partially or completely reversed by

the administrAticon of an inhaled beta adrenergic agonist such as

isoproterenol, isoetha!ine or metaproterenol. A history of family members

with asthma or atopy is often present. A subpopulation of asthmatic

individuals may present with unexplained breathlessness or cough that is

often associated with postnasal drip or atopy. These individuals may have a

normal physical examination and spirometry. A bronchial provocation test

with inhaled methacholine, histamine, cold air, a selected antigen, or other

potential bronchoconstrictor agent frequently establishes the presence of

airway hyperreactivity and the diagnosis of bronchial asthma.

It is important to distinguish asthma from other disorders that may cause

similar symptoms, such as chronic bronchitis, emphysema, aspirated foreign

4 body, upper airway obstruction and congestive heart failure. This

differentiation can be made on the basis of reversibility of airway

obstruction in response to inhaled or systemic bronchodilator therapy. Many

persons have chronic sputum production and wheezing and are classified as
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"asthmatic bronchitics."

o Prognosis

The prognosis is determined by the severity of the asthma and its repsonse to

therapy. Persons with infrequent or mild asthma generally do very well with

or without maintenance bronchodilator therapy. Persons with moderate or

severe asthma usually require continuous therapy throughout life,

particularly when the onset of the asthma is during mid- or late-adulthood.

Inadequate control aggravated by infection or unmodified anvironmental

factors contributes to persistent asthma or to incapacitating or life-

threatening complications.
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Mronic Obstructive Pulmonary Disease

o Definition

A The term, chronic obstructive pulmonary disease (COPD), does not refer to

one specific entity but rather to a group of illnesses characterized by

chronicity of obstruction to airflow that is mostly irreversible and usually

most severe during expiration. Pulmonary emphysema, chronic bronchitis

and chronic asthma comprise the group of diseases called COPD. Many

other lung diseases, such as tuberculosis, bronchiectasis and sarcoidosis, also

produce irreversible airflow limitation but differ from COPD in etiology,

prognosis and treatment. These diseases should not be categorized as COPD

merely because of superficial similarities of symptoms such as cough,

dyspnea, wheezing and/or the identification of expiratorv airflow

obstruction.

.4 Many per-sons with COPD have bath emphysema and chronic bronchitis,

which share cigarette smoking as the most important etiologic factor. In

nonsmokers the clinical picture and pathology of chronic bronchitis may be

, •w.. indistinguishable from that of chronic asthma. Finally, some persons may
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have varying degrees of all three obstructive lung diseases. It is often

virtually impossible and usually clincally unnecessary to separate the

contribution of each of these specific diseases. Therefore, from a practical

point of view, COPD is a convenient grouping or syndrome of diseases.

o Aeromedical significance

Hypoxemia, resulting in tissue hypoxia, is the main pathophysiologic effect

of COPD that limits or hinders an airman from functioning safely. Cerebral

hypoxia can adversely affect psychomotor skills, memory, judgment and

cognition. These effects are modified by many variables including

acuteness, severity and duration of hypoxemia. In general, when the PaOz

approximates 65 mm Hg or less at sea level, the candidate for a medical

certificate should be considered severely impaired, having potentially

suboptimal central nervous system functioning at altitude. Predictable

decreases occur in PaO2 when ascending to high altitudes, and this should be

considered carefully before the AME issues a medical certificate:

Minimal acceptable PaOZ when applicant is breathing

ambient air at sea level and at higher altitudes

Lower limit of PaO (mm Hg) must be
"' Altitude (in Feet) normal PaOz (ram Hig) equaý to or greater than

Sea level 67 65

1000 64 61

-000 61 58

3000 58 55

4000 55 5z

5000 52 50
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6000 50 48

7000 47 46

8000 - 45

Source: Reference 4

*The normal PaOZ is lowest in elderly individuals at all altitudes; these lower limits
of normal are for persons at age 80 years.

o Clinical manifestations and diagnosis

The main symptoms of COPD are exertional dyspnea, chronic persistent

cough, expectoration of sputum and wheezing. The abnormal physical

findings of decreased breath sounds, rhonchi and wheezes may be absent or

minimal until moderate or severe disease has developed. Even then, the only

abnormal physical sign may be decreased breath sounds detectable only by an

experienced observer during a maximal forced exhalation.

Persons with a history of symptoms that have lasted 6 months or longer or

who show signs of COPD should be suspected of having significant disease.

Under these circumstances pulmonary function testing must be performed in

order to quantify the severity of the disease. The best screening tests are

the FVC and FEVI, and the ratio of these may be used to classify the

severity of the COPD as follows:

Degree of Obstructive
Impairment FEVI % Predicted FEV I/FVC%

Normal 80 or greater 69 or greater

Mild 70-79 61 -68

Moderate 60 - 69 50 - 60

N . Severe 59 or less 50 or less
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Since persons with COPD usually have a moderate or greater degree of

obstruction before significant hypoxemia develops, arterial blood gasI analysis is usually not indicated unless the spirometry reveals moderate or

severe obstruction. Spirometric results characterized by diminished FEV1

percent predicted or diminished FEV1/FVC ratio should be evaluated further

with repeat spirometry following the administration of a bronchodilator.

o Prognosis

The prognosis of COPD is quite variable, but in general the disease tends to

progress slowly over a period of months to years; progression occurs more

rapidly in those who continue to smoke cigarettes. Various prediction

formulas for prognosis have been published that are helpful from a general

point of view; however, the most practical approach is to monitor airmen

)44, with documented mild, moderate or severe obstruction by serial

examinations and spirograms at one-year intervals. The applicant with

COPD should be advised to have yeak'y immunization against influenza.
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Disoeder- of the Coatrol of Re-Viration

Hypovntilatiou Symdsomes

o Definition

Alveolar hypoventilation is comprised of hypercapnia, defipcd as, a PCO,
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greater than 45 mm Hg, and hypoxia, defined as a PaOZ less than 65 mm

Hg. When this condition is due to a malfunction of the central nervous

system mechanisms for regulation of respiration, the arterial blood gas

abnormalities are present chronically and are not necessarily associated with

significant malfunction of the lung, the bony thorax or the respiratory

muscles. These syndromes are often associated with pulmonary hypertension

and right ventricular heart failure. The diagnosis is made by analysis of

arterial blood and by ruling out abnormal function of lungs, thorax and

respiratory muscle-s by appropriate tests, which are ordinaruy performed in

pulmonary function 'laboratories.

Hypoventilation syndromes are divided into at least three general categories:

1. Alveolar hypoventilation due to a pre-existing nervous system

disorder, such as encephalitis or poliomyelitw;

Z. Primary (idiopathic) hypoventilation;

3. Obesity hypoventilation sy-dro-'

0 Aeromedical significance

Hypersomnolence, which is defired as excessive daytime sleepiness or

irresistible sleepiness at inapp -. ). ate times, may be a prominent feature of

the syndrome and may advetsely affect the airman's attention span and

ability to remain awake during flight. In addition, the presence of chronic

hypoxia renders the airman more v-unatle to the deleterious effect of

further diminution of arterial oxygenation that may be encountered in

flight. Both the hypersmnoience and the hypoxia encountered in these

syndromes makes operation of an aircraft prohibitively hazardous.
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o Clinical manifestations and diagnosis

A• The diagnosis is suspected because of a history of easy fatiguability,

hypersomnolence, morning headache, peripheral edema and cyanosis.

Physical findings are those of cor pulmonale, including an accentuated

pulmonic component of the second heart sound, peripheral venous distension

and peripheral edema. In addition, there may be peripheral cyanosis.

Associated laboratory findings are those characteristic of cor pulmonale on

ECG examination and right-sided cardiac enlargement on chest radiograph.

The primary (idiopathic) syndrome is distinguished from the others by

absence of history of neurologic disease, such as encephalitis or

poliomyelitis. and absence of obesity.

-Al

o Prognosis

Progressive deterioration of the ability to maintain adequate blood gas levels

V is to be expected unless the condition is treated. The secondary effects of

cur pulmonale become more important and eventually lead to cardiac

decompensation and death.

'A.

Rype.sozmwolence Sleep Apnea Syndrome

o Definition

SThe syndrome is defined as hypersomnolence in the absence of primary

narcolepsy, alveolar hypoventilation and other recognized causes of sleep

disorders. It is a relatively common syndrome that occurs primarily in obese

males. It may also occur in postmenopausal females and as a result of a

variety of conditions associated with narrowing of the upper airway, such as

i N ', ' hypertrophied tonsils and adenoids, small trachea and malformations of the
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mandible.

The syndrome is caused by a disturbance of breathing during sleep in which

there are frequent cessations of breathing, called apneas. These apneas are

usually obstructive, that is, dite to a closure of the airway at the pharynx in

P• the presence of active respiratory efforts. Less common are the cezatral

apneas that are due to cessation of respiratory efforts. Individuals with a

mixed pattern of central and obstructive apnea have been observed rarely.

The apneas are ended by an arousal or near arousal from sleep and ale

repeated frequently throughout the night. Daytime hypersomnolence is VvI-"

result of sleep deprivation caused by frequent arousals during noctuirn;d

sleep.

0 Aeromedical significance

The irresistible urge to sleep at inappropriate times is an obvious threat to

aviation safety, as are the visual hallucinations and personality disorders

that are part of this syndrome.

Ni-

oV1 Clinical manifestations and diagnosis

The syndrome should be suspected when there is a history of excessive

sleepiness. A history of loud snoring is virtually always present. A restless

sleep pattern is commonly described either by the examinee or by his or her

bed paxrtner. Severe sleep deprivation may cause symptoms such as chaige

of perso.nIity, visual hallucinations and im-poteuce. "These symptoms in an

obese male should rais the examizner s suspicion of the diagnosis.

IV- 166

NtI



The diagnosis is made by appropriate studies in a diagnostic sleep disorders

' laboratory. Arterial blood gases -- isured to exclude the other

hypoventilation syndromes that also maý .-ssociated with this disorder.

o Prognosis

Hypersomnolence is the hallmark of the disorder and typically worsens in the

untreated individual.
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Pu1xL 7 Thromboambolism

o Definition

The term, pulmonary thromboewboli.m, denotes a dynamic event during

which a fibrin-baged venous clot dislodges from its anchor point, usually in a

vessel of the lower extremity or pelvis, flows thr-o:u the inferior vena cava

and impacts in the pulmonary vascular bed. This is an extremely common

event, even among healthy individuals. It is estimated that only Z'G% to 30%t
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of pulmonary thromboemboli are accompanied by symptoms; the remainder

go unrecognized.

Pulmonary infarction is an uncommon event that implies tissue necrosis

resulting from the presence of thromhoemboli that occlude the vascular

supply to a portion of the lung. Infarction occurs only when the vasculature

is substantially -omprom-ised by another pathologic process, since the dual

blood supply to the iung through the pulmonary and the bronchial circulation.

usually protects against tissue death. Whether or not infarction occurs,

significant pulmonary thromboembolism causes physiologic abnormalities

including transient pulmonary iypertension, hypoxia and occasionally acute

cor pul.ionaie.

4 Following a major pulmonary taromboemL •.c event there significant

danger that another thromboembolisw may occur and lead to more

1V significant physiologic abnormalities and death.

o Aeromedical significance

Acute incapacitation may occur as a result of chest pain, shortness of

breath, hypoxia or cardiac arrhythmias. Hypoxia may be present for

extended periods of time following pulmonary thromboemboiism and it

represents a potential threat to safe operation of an aircraft. Furthermore-

the danger of recurrent thromboembolism must be considered iii the

evaluation of cand,.s4 tes for medical certification. Another significant

factor that must be kept in mind is the potential effect of the anticoagulant

medications that are used to treat and prevent recurrent pulmonary

thromboembolism.
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o Clinical manifestations and diagnosis

Dyspnea is the most common symptom of pulmonary thromboembolism,

occurring in approximately 90% of individuals. Tachypnea and tachycardia

often accompany the dyspnea. Syncope occasionally occurs at the time of

embolization. Pleuritic chest pain may occur even in the absence of

pulmonary infarction. Cough and hemoptysis are also common whether or

not infarction has occurred. Physical examination is frequently unhelpful

but it may disclose tachycardia and tachypnea, the presence of rales and

wheezes in the area of embolization, and possibly a pleural rub. Evidence of

deep vein thrombophiebitis in the lower extremities substantially increases

the likelihood of pulmonary thromboembolism. Although the chest

radcograph and electrocardiographic findings are sometimes helpful, they are

far from definitive. Perfusion and ventilation lung scans are the mainstays

of diagnostic testing, and pulmonary i-ngiography renains the definitive

p:ocedure in difficult diagnostic cases.

o Prognosis

Once the acute pulmonary embolism has been recognized and treated with

anticoagulant medications, the prognosis for recovery is good. Pulmonary

hemodynamics ordinarily revert to pre-embolization levels in approximately

two to eight weeks. Surgical patients who experience pulmonary

thromboembolization during a period of enforced bedrest are likely to

recover compietely after its treatment. However, those patients with

tuiderlying medical conditions such as congestive heart failure are likely to

have recurrent episodes following treatment. Chronic cor pulmonale is a

• ~ feature of unrecognized and untreated showers of small pulmonary emboli.
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Pulmonary Arterial Hypertension

o Definition

Pulmornary arterial hypertension is defined as an increase in the pressure

within the pulmonary vessels to a level more than 5 to 10 mm Hg above the

* accepted normal values. Specifically, while normal values range from 10 to

Z5 mm Hg, with a mean of 18 mm Hg, the person with pulmonary arterial

* hypertension has values that range from 15 to 35 mm Hg or greater, with a

mean of Z5 mm Hg or greater. These changes may occur as a result of a

decrease in the cross-sectional area of the pulmonary vessels or as a result

of vasoconstriction of the pulmonary vessels.

J Factors that may contribute to the presence of pulmonary artery

hypertension include left ventricular cardiac failure, large increases in

pulmonary blood flow and increased viscosity of the blood. The normal lung

can co"-pensate for major changes in blood flow through the pulmonary

vessels without an increase in pulmonary artery pressure. This is probably

S''I due to the physiologic ability to recruit previously closed vessels as the blood

flow increases. The loss of this ability to compensate for changes in blood

•,i flow denotes a serious alteration in pulmonary physiology that may lead to

cor pulmonale and finally to right-sided cardiac failure. It is generally

recognized that there are two major forms of pulmonary arterial

hypertension, an idiopathic, primary pulmonary arterial hypertension

(PPAH), and a secondary pulmonary hypertension due to a variety of

recognized disease processes in the lung and in the heart.
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o Aeromedical significance

The presence of either primary or secondary pulmonary artery hypertension

indicates the presence of severe cardiopulmonary disease that may be

characterized by hypoxia, inability to respond to physical stress, syncope and

sudden death. Hypoxia such as that encountered in routine aviation

activities is an extremely powerful vasoconstrictor of the pulmonary

vessels. While the effects of mild hypoxia on a normal lung are not

significant with respect to cardiopulmonary performance, individuals with

pathologic pulmonary artery hypertension may decompensate acutely when

presented with this added stress.

0 Clinical manifestations and diagnosis

Primary pulmonary arterial hypertension is a rare disorder of unknown

etiology. It is a diagnosis of exclusion, after having ruled out secondary

pulmonary arterial hypertension. PPAH is most common in young adult

females. Early in the course of the disease there are no characteristic

symptoms or physical findings. As the hypertension progresses the individual

may notice easy fatiguability, chest discomfort and exertional dyspnea.

On physical examination no evidence of primary pulmonary or cardiac

disease is noted. A prominent a-wave may be noted in the jugular venous

pulse. The pulmonic component of the second heart sound is accentuated.

The chest radiograph is normal in the early stages of the disease, but later

there is enlargement of the pulmonary trunk and an attenuation of the

peripheral pulmonary arterial branches. The electrocardiogram is

characterized by right ventricular enlargement and usually right artrial
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enlargement. The final diagnosis rests on the results of cardiac

catheterization and the demonstration of pulmonary arterial hypertension

associated with a normal pulmonary capillary wedge pressure and a normal

cardiac output. Other cardiopulmonary diseases must be excluded before the

diagnosis is considered proven.

Secondary pulmonary arterial hypertension may result from a variety of

cardiopulmonary diseases, including thromboembolic disease, talc

granulomatosis, pulmonary arteritis, pulmonary fibrosis, kyphoscoliosis,

chronic high altitude sickness, left ventricular failure, mitral valve disease

and idiopathic veno-occlusive disease. In addition to the manifestations of

the causative disease process, secondary pulmonary arterial hypertension

superimposes the same findings noted in the section on primary pulmonary

arterial hypertension.

0 Prognosis

Primary pulmonary arterial hypertension is nearly always fatal. The usual

course of the disease includes progressive pulmonary and cardiac

decomposition over a period of several years. To date, no therapy has been

useful in halting or slowing the progress of the disease. Secondary

pulmonary arterial hypertension also is usually a progressive and fatal

complication of the underlying disease process. Chronic oxygen therapy is

helpful in slowing the progress of the disease in those patients found to be

hypoxic.

II
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Neoplastic Lung Disease

o Definition

Neoplastic abnormalities in the lung are either benign or malignant. Benign

neoplasms of the lung are important only insofar as they may be difficult to

differentiate from malignant masses and because they occasionally produce

bronchial obstruction. Bronchial adenomas, including carcinoid tumors, are

low grade malignant lesions that may declare their presence by hemoptysis

or bronchial obstruction. A finding of a solitary pulmonary nodule on chest

radiograph should never be ignored or presumed to be benign. Age more than

35 years or a history of cigarette smoking increases the likelihood of

malignancy.

Malignant neoplasms may be classified as primary tumors of the lung or

rmetastatic tumors to the lung from another site in the body. Primary lung

malignancies are most commonly of the bronchogenic type, with three

subcategories being recognized according to the cellular pattern noted on

biopsy: squamous cell carcinoma, anaplastic carcinoma of small cell and

large cell varieties, and adenocarcinoma. It is unusual to find these

malignancies in individuals who have not smoked cigarettes, except possibly

in the instance of adenocarcinoma. A fourth type of primary lung

malignancy originates in the peripheral airways and alveoli and is designated

bronchiolo-alveolar carcinoma. Other malignancies with a primary site of

origin in the chest include malignant mesotheliomas of the pleura and

primary maligant mediastinal neoplasms. Malignancies arising from sites

outside the chest frequently metastasize to the lungs, mediastinum and

pleura and can have major effects on respiratory function.
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"o Aero medical significance

Malignancy involving the chest can affect an airman's performance through

several mechanisms. Hypoxia is common with lung malignancies and can

advei3ely affect performance dt-1ring flight. Chest pain and shortness of

breath also can diminish the airman's performance. Cerebral metastases

from lung tumors are relatively common and may suddenly cause seizures.

"o Clinical manifestations and diagnosis

Cough and sputum production are the most common early clinical

manifestations of pulmonary malignancies. Since bronchogenic carcinomas

occur most commonly in cigarette smokers, the significance of these

symptoms is often missed. Hemoptysis, soaking night sweats, dyspnea, chest

pain and unexplained weight loss are common clinical complaints. On

physical examination metastatic foci may be palpated in the supraclavicular

foci. Occasionally, localized, unilateral wheezing can be heard in the area

of the primary tumor. Signs of pulmonary consolidation can accompany a

postobstructive pneumonia and egophany may be heard in the area of a

malignant pleural effusion. The diagnosis is often suggested by chest

radiographic evidence of a mass or pulmonary infiltrate. However,

confirmation of the diagnosis can be made only by the finiing of malignant

cells on biopsy of the lesion or on cytologic examination of sputum, pleural

fluid or needle aspirate.

o Prognosis

Surgical resection of primary lung tumors may produce a cure. Other modes

of therapy are rarely curative. The five-year survival rates of all
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bronchogenic malignancies are approximately 5 to 10%. Ninety percent of

localized bronchiolo-alveolar carcinomas are curable once they have been

resected. Malignant mesotheliomas, however, are uniformly fatal, usually

within 18 months of diagnosis. The prognosis of wediastinal malignancies

depends on the specific cell type.
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iChronc Interstitial Lung Disease

o Definition

Chronic interstitial lung disease is a heterogeneous group of disorders

characterized by disruption of tlýe normal lower respiratory tract

architecture. Although the designation "interstitial" lung disease implies

abnormality of interstitial tissues alone, all portions of the gas exchanging

apparatus of the pulmonary parenchyma may be involved. The cellular

elements that make up the alveolar structures are changed dramatically,

both in absolute numbers and in proportion to one another. The result of

these changes is thickening and distortion of the alveolar septae. This type

of disease process can best be understood as an inflammatory response to

lower respirtory tract injury in its early stages and a scar tissue repair of

damage in its late stages.
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More than 150 different inciting events have been identified as producing the

type of injury recognized as interstitial lung disease, but these account for

only about one-third of the cases seen in the United States. The other two-

thirds of cases are idiopathic. The known causes include inhalation of

inorganic particles such as asbestos, silica and beryllium; organic particles

such as fungi and bird droppings; gases such as oxygen and oxides of nitrogen;

various fumes, vapors and aerosols; infectious agents; administration of

drugs; ingestion of poisons such as paraquat; and exposure to ionizing

radiation. Disorders of unknown etiology that cause this disease pattern

include idiopathic pulmonary fibrosis, collagen vascular disorders, sarcoidosis

and a variety of rare lung diseases.

0 Aeromnedical significance

Chronic interstitial lung disease decreases the ability of the lung to *4

oxygenate the blood. The severity of this process determines a pilot's ability

to operate an aircraft safely. When the disease has progressed to the point

of causing an arterial PaO2 of 65 mm Hg or less while breathing room air at

sea level, relatively small changes in the inspired oxygen pressure can cause

major changes in the arterial oxygen content. Such changes in inspired

oxygen level are usually encountered during routine flight.

o Clinical manifestation and diagnosis

The disease is usually suspected on the basis of the history and physical

findings described above. A chest radiograph showing diffuse bilateral linear

or reticulouiodular pulmonary parenchymal markings is supportive of the

diagnosis. Pulmonary function tests show a decrease in the FVC to below

80% of the predicted value and a d-crease in the static lung volume
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measurements, namely, the total lung capacity, functional residual capacity

and residual volume. Diffusing capacity of the lung may also be

diminished. Arterial blood gas analysis is sometimes normal at rest but

usually shows some degree of hypoxia and hypocapnea. In people with

chronic interstitial lung disease, exercise leads to a fall in the arterial

oxygen level, while the normal response is a rise in oxygenation. Diagnosis

may be aided by an open lung biopsy.

The usual clinical manifestation of chronic interstitial lung disease is

shortness of breath. At first the affected individual will notice decreased

exercise tolerance, and as the disease progresses, the person will note

dyspnea at rest. Nonproductive cough is common and may occur in

uncontrollable paroxysms. Soaking night sweats are frequent. On physical

0. examination the most consistent finding is crackling rales heard at the

posterior lung bases. The rales do not clear on deep breathing or coughing.

Late in the disease process the physical findings of cor pulmonale are seen,

including a right parasternal cardiac impulse, accentuation of the pulmonic

component of the second heart sound, hepatomegaly and peripheral edema.

Clubbing of the fingers and toes may occur when the disease is well

established. Cyanosis is present, which denotes severe abnormality of gas

exchange.

o Prognosis

This is such a diverse group of diseases that no single stalew ,

prognosis can be considered accurate. Some of the diseas..

sarcoidosis or hypersensitivity pneumonitis due to organic i .e

potentially reversible. Others such as asbestosis are slowly but .:iexrably
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progressive over mn.nn, J ecaýes. Idiopathic pulmonary fibrosis is ordinarily

fatal within 6 years of diagnosis.
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Pueumothxara

0 Definition

Pneumothorax can be defined as air in the pleural space. Air may gain

access to the pleural space via a defect or a rent in the visceral pleura lining

the lung or the parietal pleura lining the chest wall, diaphragm ana

mediastinicm.

Primary Spontaneous Pneumothorax (PSP) is one that *occurs in a patient

* Vwho exhibits no clinical findings (other than the pneumothorax per se)

referable to the underlying etiology of the spontaneous pneumothorax."1

Secondary Spontaneous Pneumothotax (SSP) is one that 'occurs as a

consequence of a manifest disease process. Even in PSP there is

undoubtedly an underlyling pathological process, such as a visceral pleural

bleb, but a pneumothorax is classified as a SSP only if the underlying process

is 'manifest," that is, has its own symptoms and signs, as with chronic
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obstructive lung disease, tuberculosis or eosinophilic granuloma.

0 Aeromedical significance

PSP or SSP may produce acute onset of chest pain and shortness of breath,

which during flight are likely to be distracting and possibly incapacitating.

Hypoxia can result from a change in ventilation-perfusion ratios, and this

clearly poses a serious threat to safe operation of the aircraft.

0 Clinical manifestations and diagnosis

PSP is a disease mainly of young men. The most common symptoms are pain

which occurs in more than 90% of cases, and dyspnea, which occurs in 80%.

Cough occurs less frequently, in 10% of individuals. Major serious

pathophysiologic processes and/or complications of any pneumothorax that
-. 4

may acutely incapacitate a person include the degree of hypoxemia; the

underlying condition of the lung; the development of a tension

pneumothorax, which occurs in about 5% of persons with PSP; the

development of hemopneumothorax, which occurs in about Z.53 of persons

with PSP; and pain.

Pneumothorax should be suspected when there is a history of sudden onset of

shortness of breath asaociated with chest or shoulder pain. On physical

Sexamination the affected hemithorax moves less with each respiratory

excursion than the opposite side. Breath sounds are diminished on the

affected side. If a tension pneumothorax has occurred, the trachea may be

Sshifted away from the side of the pneumothorax. The diagnosis is confirme-1

by observing air in the pleural space on the chest radiograph; accentuation of

this radiographic abnormality can often be observed more easily when the
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film is exposed during complete expiration.

o Prognosis

The overall incidence of mortality due to PSP is difficult to establish

accurately because the majority of episodes of spontaneous pneumothorax

that were reported before 1950 included both primary and secondary types,

and they were treated without surgery and with bedrest, observation and

symptomatic measures. However, more recent series of cases have reported

no deaths. Of major concern and importance for the aiman after an initial

episode of PSP is the likelihood of recurrence. The incidence of recurrence

varies widely, from 5% to 60%, because of such variables in reporting as

duration of follow-up, inclusion of suspected rather than proven episodes,

the description of contralateral vs ipsilateral recurrences and of initial vs

subsequent episodes, and the form of treatment of previous episodes.

Ipsilateral recurrence rates of about 50. have been reported in persons

followed for 6 months to 10 years when no specific therapy was provided.

Most of these recurrences (6Z%) occurred within the first two years after

the initial episode.
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Drugs Affecting the Re*mtcw System

o Definition

Numerous types of medications are available for over-the-counter or

prescribed treatment of upper and lower respiratory tract disorders. Some

medications are used for a brief period and others may be required

frequently, intermittently, on a long-.erm basis, or depending on the

underlying disorder. The AME shouvd inquire about all medications being

uses currently by the applicant and shold assess the drugs' clinical

efficacies, side effects and possible hypersensitivity and idiosyncratic

reactions. The applicant may not consider nonprescription medications to be

4-' ' . •potential or serious contraindicatiors for flying.

0 Aeromedical significance

A number of respiratory system related drugs may have an adverse effect on

flying performance and safety by affec"ng the state of consciousness,

depressing ventilation, increa-ing cardiovascular demands or participating in

drug-drug interactions. For example, antihistamine medications are used

widely to treat the symptoms of upper respiratory tract infections and

allergies, these drugs should not be used within 24 hours of taking control of

an aircraft becausc of their sleep-producing effe:ts. Finally, the AME

should determine why the drugs in question are being used, because the

underlying conditions themselves may be disqualifying.
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Dawders of tic Re-ir-atowy Muscles and B~my Thwrax

o Definition

Congenital and acquired hernias of the Jiaphragra are important disorde.-s in

which the bowel enters the thoracic cavity through a defect in the

membranous or muscular portion of the diaphragm. Important disorders

involving all respiratory muscles include amyotrophic lateral sclerosis, the

various muscular dystrophies (especially those associated with myotonia)

multiple sclerosis, myasthenia gravis and myositis. Important disorders of

t th. bony thorax are kyphoscoliosis, fibrothorax and surgical complications of

the procedures such as thorocoplasty.

o Aeromedical %gnificaec*

Disorders of the respiratory dea and bony thorax -are important in two
Sways. Mild and -!odraiely spvere disorders decrease the airman's

respiratory reserve and make it more difficult to respond to emergency

siiuations. Seve.e disorders cause abnormalities of arterial blood gases, and
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hypoxia is a frequent finding. Very severe disorders are often accompanied

by hypercapnia. The arterial blood gas abnormalities significantly increase

the risk of incapacitation during flight.

o Clinical manifestations and diagnosis

All of these disorders may exist in mild forms that do not produce

respiratory embarrassment. In the generalized muscle disorders, symptom3

of general weakness usually occur prior to onset of respiratory symptoms,

but this is not always true. The first symptom of respiratory problems is

uaualiy dyspnea on effort. As the processes progress to a severe stage,

alveolar hypoventilation may be present with the characteristics discussedr

abov•.

Disorders of the diaphragm are diagnosed by appropriate radiclogic study.

Muscle disorders are diagiosed by appropriate anatrmnic and neurophysiologic

studies usually involving muscle bkpsy, electromyography and studies of

nerve conduction. Disorders of ýhe bony thorax are usually apparent on

physical examirnation or ordinary chest radiograph.

The degree of respiratory impairment usually can be determined adequately

with simple pulmonary function tests. A FVC less than 70% of predicted

indicates the possibility of significant respiratory impairment and requires

additional evaluation by appropriate specialists.
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Postoperative State

k•i surgical procedures of the thorax and many of those involving the upper

peritoneal cavity compromise respiratory function postoperatively for various periods of

time. The abnormalities produced are similar to those of disorders of the respiratory

muscle and bony thorax. Criteria for evaluation of the postoperative state, therefore,

should follow those described in the preceding section. Specifically, all persons who have

had pulmonary resections should be tested by spirometry. An FVC less than 70% of

predicted requires additional testing. Abnormal arterial blood gases should result in

disqualification.

An additional problem in the recent postoperative state is pain. All persons whose

pain requirt.s analgesics that have effects of depressing of the central nervous system

should be disqualified.
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Cardiovascular System

Overview

Cardiovascular disease poses the most important medical threat to flight safety,1

and is the leading cause of pilots' loss of certification. ' 3 The current standards for

medical certification were written in 1959. The FAA amended these standards in 1984,4

and by keeping abreast of advances in cardiology, it has granted special issuances of

medical certificates to selected pilots over the years. However, the Cardiovascular

Committee has readdressed the entire issue of cardiovascular disease and aviation

safety, especially to review the enormous advances that have been made in diagnosis and

treatment over the last twenty years.

Our assigned task was to: 1) modify, if necessary, the Part 67 Regulations, and

the forms and procedures used by the FAA and its Airman Medical Examiners (AMEs); Z)

advise the FAA regarding special issuances of certificates to pilots with heart disease, so

that aviation safety is maintained; 3) advise the FAA regarding potential research efforts

that would clarify the status and maintain the integrity of aviation safety as it relates to

cardiovascular disease.

These tasks were accomplished by subcommittees that addressed specific topics in

cardiology, including ischemic heart disease, hypertension, valvular heart disease,

congenital heart disease, myocardial-pericardial disease, peripheral va3cular disease and

arrhythmias. Each member of the entire committee had the opportunity to provide input

to and to deliberate the positions of each subcommittee. We also carefully considered

the opinions expressed by our colleagues vyho had previously addressed the question of

cardiovascular disease as it relates to aviation safety.5 '6

There was not always unanimity of opinon. The disagreements tLat most often

arose were related to our primary objective of maintaining the public safety while not
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unnecessarily constraining the medical certification process.

Certain general decisions were made that guided our thinking throughout our

deliberations:

1.. Current medical certification practices of the FAA have resulted in aviation

safety, and we drew heavily on FAA experience in certifying pilots with

cardiovascular problems, as the system has worked.7

Z. Commercial pilots have an even greater responsibility for public safety than

do private pilots and, hence, the requirements for Class I and H medical

certificates should be more rigid than for Class MI.4

3. Crew redundancy enhances aviation safety and, hence, may allow the more

liberal granting of special issuances for Class I an H1 pilots who fly in a

multicrew environment. During the special issuance procedure, we believe

consideration should be given to the fact that a pilot is functioning in such

an environment. To make this a mandatory requirement may be

unnecessarily restrictive. For example. pilots with very mild forms of

certain cardiovasculkr diseases that are entirely uncomplicated and who are

followed every 6 months for the purpose of detecting disease progression, in

many cases functioi at a starniard ris-. Wbile our assignment was tc make

purely medical judgments, it 1s also true that, in response to a legal decision,

Federal Aviation Regulations do not allow Class I special isuances to have

functional limitations.4?B

4. All special Lssuances of medical certificates to pilots with cardinvas-cular

disease should require medical follow-up.

5. In principle, a system of risk factor screening for pilots is a desirable goal.

However, the value of such procedures is liwited by Bayes' theorem of

conditional probability when the prevalence of the disease in the population ' ',
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treated is low. 9 , 10  For example, the random use of exercise

elimctrocardiography for the detection of asymptomatic coronary artery

disease usually results in a large namber of false positive results. 1 1-14

Therefore, we made an effort to suggest selective screening procedures that

would have a reasonable probability of enhancing aviation safety, while at

the same time not unduly burden a generally effective system.

The current system already screens for such major risk factors as hypertension

and electrocardiograhic (ECG) abnormalities (the latter for Class I certification). We

advise ECG screening for all classes, and have suggested that the serum cholesterol be

determined in a very selected population of pilots seeking Class I and H1 certification. In

addition, we suggest that additional historical information be included in the applications

of pilots, including a history of coronary disease in family members less than SO years

old, and cigarette smoking habits. We make an appeal to all pilots to utilize this

information and to undergo complete screening for cardiovascular risk factors including

serum lipids, blood sugar and the selective use of voluntary stress testing early in their

career, in an effort to avoid subsequent cardiovascular disease and continue to fly

aircraft for as long as possible.

The topic of riak factors and their role in an aviation safety examination was the

most difficult one we faced and the area into which we invested a good deal of our time

trying to balance the goal of aviation safety wh reason.

What follows is an outline vf our most m iortant locisions, it .ýssing those areas in

which we have suggested a change in current practice.

x. At-'j

Regulations. Forms an Procedures

o Currently, ECGs are required for Class I certification only, and are

•t performed at ages 35 and 40 years, and annually thereafter.

IV - 187



It is now well established that up to ZO% of ,eart attacks fail to produce

symptoms that bring a person to a physician.15 The resting ECG often shows

a prior myocardial infarction, and patterns of left ventricular hypertrophy

and nonspecific ST and T-wave abnormalities that are also associated with

an increased risk of coronary artery disease. 9 '1 1 '1 6 " 7 Furthermore, many

of the most common alterations of intracardiac conduction, such as right and

left bundle branch blocks and Wolff-Parkinson-White, are not associated with

symptoms or with easily discerned physical findings. However, each of these

electrocardiographic findings triggers special concerns regarding

certification and special recommendations for assessment and followup.

The EGG requirement should be modified by the recognition of these facts,

in an effort to increase the asstulance that frequent and potentially

significant cardiac diseases in pilots will be detected. Therefore, in addition

to the current requirement for Class I pilots, we suggest than an ECG be

done on all pilots at the time they enter the system. These tracings will

serve as a valuable baseline for future comparison. In addition, we

recommend that an ECG be done on Clais II applicants at ages 35 and 40

years and every two years thereafter, and an EGG should be done on Class III

applicants at age 40 and every 6 years* therea ter.

-During our dscussions we were informed that the Department of Transportation was
considering extending the interval between routine Class m examinations to (ive years,
and therefore we recommend that the EGG be repeated every five years. However, the
status of this change is unclear. Apparently there is new thought of increasing the
interval from two years to three years. Should this occur, we would recommend that the
ECG be repeated every three years. However, until the time interval is clarified, we
recommend that the ECG be repeated every 6 years, which is a multiple of both the
present two-year and proposed three-year intervals. ,-N
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o We have produced a list of significant cardiovascular disease states that

should result in an initial denial of a certificate. This list replaces the less-

wen-defined regulation that "a degree of circulatory efficiency that is

compatible with the safe operation of aircraft" be demonstrated.

o A single sitting blood pressure standard of 150/95 mm Hg is recommended

for all pilots, with the further suggestion that the systolic level never exceed

160 mm Hlg, regardless of the diastolic blood pressure. This is a less rigid

requirement for younger pilots and a more rigid requirement for the older

pilot than now stands. The decision regarding younger pilots is supported by

our assignment to address aviation safety more than preventive medicine.

However, younger pilots with blood pressures near the level of 150/95 mm

Hg should modify their dietary and exercise habits, and may require

treatment with medication. The more rigid requiremert for older pilots

relates to data supporting thot significance of such a level of blood pressure

in this age group.18 The blood pressure should be taken in both arms to

assess differences that could detect a subclavian steal syndrome, and to

provide -additional readings of value in determining the average pressure. It

should be taken sitting and standing to detect significant postural changes,

"especially in persons on ant ihyperteasive therapy.

0 Various changes were auggested regarding forms and procedures, as well as

equipment and testing methods to be used by AMEs, internists and

cardiologists who evaluate pilots with cardiova•scular problems. The goal of

these suggestions is to upda.e these practices to the current state of the art,
including: 1) a more complete medical history; Z) deletion of routine post-

= .• exercise pulse rate readings; 3) the preference for a 12-lead 3-channel ECG
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done within 30 days of the routine aeromedical examination; 4) standards for

treadmill stress testing, when indicated; and 5) the description of the role of

various currently-used, non-invasive testing procedures and angiography.

For example, when indicated, stress testing should be limited by symptoms

or by 90% of predicted maximum heart rate (MHR) for age (the previous

standard was 85% of MHR) and, when feasible, it should be carried out when

the pe,-ron is taking no medication. Asymptomatic hypotension is deleted as

a cause for denial of certification, and a more complete listing is made of

electrocardiographic abnormalities that should cause a denial of a medical

certificate pending further investigation.

o All members of our committee agree with the importance of the serum

cholesterol as a risk factor for coronary artery disease1 9 ,2 0 and urge all -

pilots to determine their serum cholesterol as part of their own healt"

maintenance program at any age.

Whether a mandatory requirement to perform a -serum cholesterol on all

pilot, would favorably impact aviation safety is less clear to us. Some of us

do not favor such a requirement, as the pTopose4 list of abnormalities t.at

trigger a comprehensive cardiovascular evaluation already includes ECG

changes, hypertension and a history of any cardiovascular disease. In

addition, laboratory standards for the performance of a serum cholesterol on

a vast scale may be difficult to enforce.

Age is the most powerful predictor of coronary artery disease., and the risk

increases rapidly above the age of 50 years.z Therefore, in an effort to
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~. ,• select out the population of pilots at highest risk, and where that risk

especially impacts the public safety, our committee recommends that a

serum cholesterol be determined at age 50 years for Class I and II pilots who

are performing in a single-crew commercial operation. If the serum

cholestwrol exceeds 300 mg/dl, a treadmill stress test is advised.

Lchemic Heart Disease

o The scintigraphic assessment of myocardial perfusion and function by

thallium ZOI imaging and radionuclide ventriculography plays an important

role in the evaluation of abnormal stress tests, and in the follow-up of

patients after infarction, angioplasty and aortocoronary bypass surgery.

Along with contituous electrocardkoog•ahic monitoring, scintigraphy assists

in the stratification of such individuals into risk categories for future

44•• _ disease. 9 'z- When properly performed, in some cases these procedures

obviate the need for invasive aniopraphy.

Therefore aý-lography i0 not felt to be a requirement for Class IMI speciul

issuance after infarction or after aortocaronary bypass surgery, if

scintigraphic studies demonstraLte adequate myocardial perfusion and

function. However, angiodraphy is advised for special issuance to Class MT

pilots *l1ter argioplasty, because of the relative. newness of the procedure.

o The current waiting period for a special Issuance after aortocornary bypass

surgery, angioplasty an myocardial infarction is one year. We uws..t that

this be changed to 6 mnntb•s for aortocoronary bypa&- urgery arni

"angioplasty, since durig this interval the great majority of bypass graft

( I U CC5u O•s5 and re-stenoses of dilated vesseLs should occur.
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0 In addition to the angiography that is currently required at the time of the

initial examination for special issuance for all Class I and II pilots who have

nad coronary bypass surgery, we suggest that angiograms should be

performed at five, 8 and 10 years after surgery. This judgment is based on

the palliative nature of the procedure and the progressive atherosclerotic

changes in the grafts and native vessels that tend to occur five to 10 years

after surgery.Z8 ,Z9 For angioplasty, in addition to the initial follow-up

angiography, angiography is recommended after five years, as long-term

follow-up data on this procedure are not yet available.

The recommendation to perform postoperative angiography is, in part, based

on the ronclusion that scintigraphic studies have not yet reached a standard

level of excelence at all medical institutions. However, the scintigrapic

mepsurement of perfusion and function could replace the requirement for

anglography in individual cases, when the highest quality standards of

technical excellence are available and used.

o For aortocoronary bypass surgery, th- number of grafts appears to be a less

important determinant of special issuance than graft patency and adequate

myocardial perfusiou and function.UI,9

o Follow-up of Class I and UI pilots who have had an infarction, aortocoronary

bypa.s surgery or angi-aplasty requires stress testing and monitoring of

arrhythmias every 6 m-ontbs, and scintigraphy annuAllv. Follow--up of Class

Mll pilots requir-es, at a minimum, anxnual stres2 testing and monitoring of

arrhythmias.
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SUypeitensloa

o A single blood pressure standard of 150/95 mm Hg is recommended with the

systolic level not tc eiceed 160 mm hg, regardless of the .iJastolic

pressure. The diagnosis of high blood pressure is confirmed wher the

average of two or more blood pressure determinations, ideally deterrmine-3 Un

separate 1riits, exceeds these standards.

o Once hypertension is established, a cardiovascular evaluation is ýicated,

and the initial evaluation should attempt to answer the ques; .)43 posed in

the 1984 Report of zhe Joint National Committes on t Detection,

Evaluation and Treatment of High Blood Pressure: 18

1. I3 target organ involvement present?

Z. Are cardiovascular risk factors other than hypertension present?

3. Does the patient have a primary or secondary form of hypertension?

We do not favor routine, extensive evAluation for secondary causes of

hypertension. Rather, the extent of the assessment depends on the results of

thb history, phyaical examination, routine laboratory screening work and a

treadmill stress test.

o Lf there is no significant target organ damage and th,- blokxd pr-ruure is

controlled either by nonpa•rmacologic mehýods or by certain acceptable

drugs without significant side effects, the pilot can be certified. A-nuai re-

evaluation and treadmill stress testing at least every three years. are

•_ I 1advised.
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o Maintenance of ideal weight, restriction of salt intake, avoidance of alcohol,

cessation of smoking and an appropriate program of aerobic exercise are

among the important components of the nonpharmacologic treatment of

hypertension. 18

o Hydralazine and calcium channel blockers are added to the currently

acceptable diuretics and beta blockers for the treatment of hypertension.

o When a pilot is taking a diuretic, the serum potassium should be checked four

weeks after initiation of therapy and every 6 months thereafter. Whenever

hypokalemia, defined as a serum postassium less than 3.5 mg/dl, is detected,

it should be theated with potassium supplementation or with the addition of a

potassium-sparing diuretic. Serum potassium should then be checked again

within four weeks to be sure that the correction was successful. Such close

monitoring of the serum potassium is required, because thiazide diuretics

cause vetricular ectopic beats in direct proportion to the hypokalemia they

induce.
30

ValhmUlr Heart Disease

o Only pilots with functional pulmonary or aortic outflow tract murmurs may

be -extified without special issuance. Initial and follow-up cardiovascular

evaluation for pilots with valvular heart disease should include at a minimum

echocardiogra•hy, continuous ECG monitoring and treadmill stress testing.

Echo Doppler studies hav. replaced the need for cardiac catheterization in

many patients with valvular heart disease, and the value of the procedure is

likely t( become even greater in the future.3 1  Crew redundancy is a
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important consideration for special issuance for Class I and II pilots.

0 Because of the risk of atrial tachyarrhythmia and thromboembolism, only

pilots with very mild and uncomplicated mitral stenosis may be considered

for special issuance. 32 ' 33 Because of its more favorable prognosis, pilots

with mild and occasionally moderate, uncomplicated mitral regurgitation,

including that due to mitral valve prolapse, might qualify for special

issuance. In the latter group, there are rare persons with a family history of

sudden death or a history of thromboembolism. This history, or the presence

of a significant arrhythmia, is disqualifying. Scintigraphic studies may be

necessary in some pati-:nts with mitral valve prolapse to clarify ST segment

and T wave abnormalities that occur at rest and with stress testing.3 4"3 6

0 Persons with aortic stenosis present special concerns of risk of syncope and

sudden death.3 7 Therefore, only pilots with mild forms of the disease,

defined as a resting left ventricular aortic gradient of less than 40 mm Hg

with a normal cardiac index, may be considered for special issuance with

appropriate follow-up. Pilots with mild to moderate aortic regurgitation

may be considered, unless the lesion is due to diseases of the aortic root.

Due to the poor prognosis, those with the latter disorders should not be

certified.
37

0 Selected pilots who have had mitrd-l valvuloplasty, aortic valvotomy or tissue

valve replacement may be considered for special issuance. Mechanical

valves have an unacceptable risk of thromboembolism and most often require

anticoagulation. Neither is consistent with aviation safety.38
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Congenital Heart Disease

o The recommendations for discrete aortic outflow tract obstruction below or

above the aortic valve follow the same general guidelines outlined for aortic

stenosis. The type and extent of the cardiovascular evaluation of pilots with

congenital heart disease also follows the same general guidelines described

for pilots with valvular heart disease.

o Pilots i-itli coarctation of the aorta may qualify if the lesion is minimal,

with less than 10 mm Hg systolic pressure difference between the arms and

legs, and if they have no hypertension, a normal ECG and no significant

bicuspid aortic valve disease. Similar criteria apply after surgery. 1Ihere

sbould be extra caution with those pilots in whom repair was carried out

after the age of 1Z years, for whom there appears to be a greater risk of

sudden death and cerebrovascular accidents. 3 9 ,4 0

o Due to excellent prognoses, pilots with small (pulmonary-to-systemic flow

ration less than 1.5:1) uncomplicated ostium secundum and sinus venosus

defects may qualify for special issuance, as may those persons one year after

having a successful surgical repair. Pilots with ostium primum defects may

also be certified using similar criteria, with special attention to the degree

and progression of mitral regurg- ation and conduction defects.4 1

o Pilots with small ventricular septal defects may be certified for all classes.

Those with moderate defects may qualify for Class M certification. After

surgical closure of the defect a pilot may be :ertified for any class, but the

criteria are more strict for Classes I and I1 than for Class II. Monitoring for
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conduction delay and dysrhythmia should be carried out after surgery.42

o Pilots with mild forms of patent ductus arteriosus and those in whom the

ductus has been successfully corrected surgically may qualify for special

issuance.
4 1

o Pilots with discrete pulmonary outflow obstruction, whether treated

surgically or not, may qualify for special issuance if the obstruction is

mild.
4 3

0 Tn very rare instances, applicants who have had ideal results following

surgery for selected types of cyanotic congenital heart disease may qualify

for c-rtification, especially for Class M certificates. The presence of

pulmonary '7pertension is lisqualifying for all classes.

Myocardl-Percar Disease

0 Pilots with acute uiyocarditis may be granted a special issuance 6 months

after the illness, if it has been transient. They must also be asymptomatic,

have a normal physical examination and normal laboratory evaluation,

incl':ding a noninvisive. assessment of ventricular' function at rest and

exercise and elect-oca.:diographiic monitoring,

o Certification for all classes should be denied to applica.:s who have a

chronic dilated or restrictive cardiomyopathy, because it is usually

progressive with a significwnt risk of sudden incapoit-,tion from arrhythmia,

heart failure or emboluis. 4 Special issuance may be granted in selected

cases in which left ventricular function is reduced only mildly ind is
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maintained during exercise, as shown by radionuclide ventriculographic

study. Echocardiography should demonstrate the absence of a significant

arrhythmia. In some persons, often because of excessive alcohol intake,

mildly reduced ventricular function is associated with electrocardiographic

abnormalities of conduction, repolarization or rhythm. These persons should

be assessed in accordance with the guidelines established for these specific

electrocardiographic abnormalities.

0 Applicants with hypertrophic myopathy with or without obstruction and with

or without medical or surgical treatment should be denied certification, as

they have a shortened life expectancy, often dying suddenly and

unexpectedly from 'ventricular arrhythmia. Heart failure may be

precipitated suddenly by the onset of artrial fibrillation. 4 5' 46 There is a

subset of individuals in whom the diagnosis is uncertain, whose disorder may

be discovered on routine ECG due to changes that suggest left ventricular

hypertrophy. Two-dimensional echocardiography may also demonstrate a

minor degree of hypertrophy. Such persons may be considered for special

issuance with close follow-up, if radionuclide ventriculography at rest and

during exercise demonstrates normal or near normal function and no

significant arrhythmia is observed during 48 to 72 hours of continuous ECG

monitoring.

o Special issuance may be granted to pilots who have had acute pericarditis

when all clinical symptoms and findings have cleared and when there is no

echocardiographic evidence of pericardial effusion or continuous

electrocardiographic evidence of significant arrhythmia. Since the disease
47

frequently recurs,4 7 at a minimum follow-up should include an assessment
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one year after the inital episode.

o Applicants with constrictive pericarditis should be considered for special

issuance only after successful surgical resection of the pericardium, which is

documented by near normal postoperative intracardiac pressures, the

absence of a significant arrhythmia on continuouos electrocardiographic

monitoring, and a well-maintained ejection fraction at rest and during

.48
exercise.

Periperal Vascular Disease

0 Any evidence of significant peripheral atherosclerotic disease, including an

aneurysm, atheroembolic or chronic occlusive disease, or a h•atory of surgery

f or these conditions, is initially disqualifying because of the associated

incidence of cerebrovascular and coronary artery disease. 4 9 Appropriate

diagnostic procedures should be carried out to evaluate the carotid and

coronary circulation before a certificate is granted. At a minimum this

should include a treadmill stress test and digital subtraction carotid

angiography. Individuals who cannot perform an adequate stress test due to

their peripheral vascular disease may require coronary angiography.

o Significant unoperated aneurysms of the large vessels, such as abdominal

aneurysms greater than 4 cm as detected by ultrasonography, are

disqualifying due to the risk of rupture that may lead to sudden

incapacitation or death. 50' 5 1

0 Pilots with aortic dissection should not be granted a medical certificate even

after surgery, because the risk of recurrent dissection or other
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cardiovascular complications is significant. 52

o Special issuances can be considered four months after aneurysmectomy and

four months after surgery for occlusive peripheral vascular disease,

providing there are no complications or coexisting disqualifying conditions.

o Special issuances may be considered 6 months after an episode of deep vein

phlebitis. They may also be considered for persons who have had one episode

of pulmonary emboli, as long as these individuals have not been on

anticoagulant therapy for at least 6 months. See the respiratory system

section.

Arrhythmias

o Some pilots with intermittent supraventricular tachyarrhythmias may be

certified by special issuance, if they are asymptomatic and rigorous

noninvasive testing demonstrates no evidence of underlying cardiac disease.

k Atrial fibrillation that is idiopathic -and paroxysmal appears to cause no

excess mortality. 53 Persons with this disorder should have no recurrence for

6 months, documented at three months and 6 months by Z4-hour ECG

"monitoring; they may take acceptable medication or no medication during

this time. While the risk of systemic embolus is low in this population,54 any

such history would disqualify the applicant, as would echocardlographic

evidence of a left atrial thrombus. Re-evaluation should be carried out

every 6 months and should include at a minimum annual stress testing and

electrocardiographic monitoring.
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; 0n For pilots with chronic atrial fibrillation with a controlled ventricular

response, the same guidelines apply, including a normal exercise capacity

and heart rate response to exercise. These persons may take acceptable

medication.

o Pilots with pre-excitation associated with a history of arrhythmia or

underlying heart disease shouicd --- t be certified, because such persons may

develop sixpraventricular tachycardia with a catastrophically rapid rate. 5 5 If

pre-excitation occurs as an isolated observation, special issuance may be

considered for all classes, with crew redundancy preferable for Class I and II

applicants. Certification may also be considered after successful surgery for

pre-excitation.

o Pilots with simple ventricular ectopic activity (based on the Lown

Classification for Z4-hour continuous ECG monitoring 56) that occurs in the

absence of underlying heart disease may be certified. Such simple

ventricular ectopic activity, evidenced by frequent, isolated, nonrepetitive

and unifocal premature ventricular contractions with no R-on-T

phenomenon, has no known adverse prognostic significance. 57' 5 8

o For pilots in whom complex ventricular ecotopy occurs in the absence of

A underlying heart disease, special issuance in highly selected cases with

rigorous follow-up may be considered. 57' 59 Seventy-two hours of continuous

ECG recording and stress testing may be required to exclude complex ectopy

with a reasonable certainty. 6 0
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"o Pilots who are asymptomatic with first degree atrial-ventricular (AV) block,

or Type I second degree AV block that is reversible with exercise and occurs

in the absence of heart disease or QRS prolongation, may be certified.

Those with other types of AV block should be disqualified, due to the risk of

bradyarrhythmia and/or syncope. 6 1

" Right bundle branch block (RBBB) present for many years in an

asymptomatic person with a normal cardiovascular examination carries no

increased risks of sudden incapacitation, and such pilots should be

certified. 6Z Pilots may also be certified when RBBB is recently acquired or

of unknown duration, if there is no underlying heart disease by perfusion

scintigraphy and echocardiography, and no significant additional ECG

abnormalities on continuous monitoring. Pilots with left anterior and

posterior fascicular block should be evaluated and certified by the same

criteria.

Pilots with left bundle brach block (LBBB) have a greater risk of sudden

incapacitation, and a significant percentage of those in whom LBBB Is

recently acquired will have underlying coronary artery disease.64, 6 5 The

evaluation and criteria for sipecial issuance should generally follow the

guidelines for acquired RBBB. However, in addition to the significant

incidence of under!ying coronary artery disease, persons -with LBBB way

have false positive thallium perfusion studies.66 Hence, coronary

angiography may be necessary to evaluate these individuals. Annual follow-

up is required.
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o Pilots with pacemakers should not be certified. 5 Special issuance may be

considered only if it can be demonstrated that the pacemaker was implanted

in the absence of currently accepted indications and provides no therapeutic

benefit, and the applicant has no other disqualifyl-g cardovascular disorder.

0 In general, drug therapy for arrhythmias should not immediatel7 disqualify a

pilot. The following factors should be conzidered during ýhe .,pecial issuance

process: 1) the type of arrhythmia; Z) the prem.ce ur absence of associated

cardiac disease; 3) the type and dose of the therapeutic agent; 4) the degree

of control that has been achieved and the period of time that adequate

control has lasted; 5) the presence or absence of side effects; 6) the blood

level of the drug; 7) the documentation of the pilot's medical status at the

time of consideration for special issuance, and; 8) the, program of medical

monitoring.
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Arrhytimias

Introduction

The most frequent symptoms described by individuals who are experiencing

alterations of rate, rhythm or conduction include palpitations, episodes of light-

headedness or syncope, and either chest discomfort or shortness of breath. Palpitations

are often described as skipped beat.-, jumps, thumps, fluttering or racing of the heart

and they may be frequent or infrequent, episodic or sustained, or regular or irregular.

Light-headedness is often described as dizziness or "grey out" and is only rarely

accompanied by any focal neurological signs. Syncope represents a complete loss of

consciousness. When due to alterations of cardiac rhythm, syncope is usually not

accompanied by seizure activity or by loss of continence, except in the case of asystole

or ventricular fibrillation. Occasionally, disturbances of rhythm present with substernal

oppressive chest discomfort mimicking coronary insufficiency, or as shortness of breath

mimicking heart failure, or simply as fatigue and a decrease in exercise tolerance.

Often, disturbances of rate, rhythm or conduction are detected on physical examination

or on a routine ECG without Any symptoms that can be attributed to the arrhythmia or

conduction abnormality.

Other problems in evaluating the history are that the incidence of certain

alterations of rhythm increases with age in the absence of heart disease, and that

episodes of arrhythmias are separated by days, weeks or years. Symptoms attributable to

arrhythmia often mimic cerebrovascular disease, "functional illness" or anxiety.

Occasionally, the only clue to arrhythmia is that the subject is taking a medication that

was prescribed for the arrhythmia in the absence of any symptoms attributable to the

idisturbance - rhythm.

On physical examination the AME is expected to evaluate the rate and regularity

of the pulse. When present, alterations of rate or rhythm are characterized by
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tachycardia or bradycardia, or by irregularity of the arterial pulse or heart sounds.

Simultaneous auscultation of the heart sounds and visual observation of the neck veins

can provide important clues to the diagnosis of alterations of rhythm, although an ECG

should be obtained in any applicant suspected of having an arrhythmia. In modern

cardiological practice the electrocardiogram provides the definitive evidence regarding

the nature of any suspected alteration of rhythm and it provides the only evidence for

most alterations of conduction that should concern the AME.

It has been noted above that a history or physical finding indicating an alteration

of rhythm may be the only clue to underlying heart disease. Of particular significance on

physical examination is a conscious effort by the AME to evaluate the candidate for

evidence of asyn-tomatic congenital heart disease, mitral or aortic valve disease,

pericardial disease, mitral valve prolapse, and ventricular hypertrophy with or without

cardiomyopathy. Alterations of rhythm may be significant in an otherwise normal

individieal; however, they take on added significance when they are. a manifestation of

underlying heart disease.

The history, the physical examination and the ECG should be regarded as minimal

components of a comprehensive cardiovascular flight assessment. In the absence of any

one of these components significant or potentially significant heart disease camnot be

diagnosed or ruled out with reasonable certainty. ln addition to these a chest

radiography is required to assess and evaluate the potential significance of any

disturbance of rhythm or conduction.

Among applicants for airman certification the naost frequently detected

disturbances of rhythm or conduction in descending order of prevalence are ventricular

or atrial extrasystoles, atrial fibrillation, and episodic supraventricular

* ~tachyarrhythmxias. Less prevalent are intraventricular conduction defects, pre-excitation

and bradycardia that is due to either sinus node disease or advanced levels of

atrioventricular block.
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We recommerd no restriction on certification for an applicant with either a sinus

arrhythmia or infrequent simple ventricular extrasystoles, as described below, as long as

all other components of the routine examination provide no evidence of undeitying hei't

disease. Any other disturbance of rate, rhythm or conduction mandates either deferral

or denial of certification with issuance contingent upon additional data, and an

interpretation of these data that is compatible with aviation safety.

Sinus Arrhythmia

Normal sinus rhythm is not typically absolutely regular. The cycle length may

vary up to 120 milliseconds, while the average heart rate varies between 60 and 100

beats per minute. When the average heart rate remains within these limits but individual

cycle lengths vary by more than 120 milliseconds, sinus arrhythmia is preaent. This

variation of cyz'le .. ngth may be either in phase or out of phase with respiration. Both

forms are typically observed in situations of increased vagal tone. Sinus arrhythmia is

more frequent in the young and most common in well-conditioned Individuals, both young

and old. It is not pathological and carries no prognostic implications. Sinuq arrhythmia

should not constitute a basis for denial.

Simple Vqiitricuiar Ectopic Activity

Lown has proposed a classification scheme for venticular ectopic activity based

upon a Z4-hour period of continuous ECG monitoring. 1 This scheme is noted below:

Grade Characteristics

0 no ventricular premature beats (VPBs)

1A occasional isolated VPBs less than 30/hr and less than 1/win

15 occasional isolated VPBs less than 30/hr but greater than 1/rin

2 frequent isolated VPBs greater than 30/hr
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3 multiform VPBs

4A two VPBs in a row

4B three or more VPBs in a row

5 R-on-T, where R-VPB/QT is less than 1.0 sec

Grades I and Z are regarded as simple. Grades 3, 4, and 5 are regarded as

complex. Shortcomings to this classification scheme have been identified, but it remains

the best currently available approach to a classification with documented predictive

power.
2

Experience over many years confirms that ectopic beats are common in otherwise

healthy adults.3-5 The following generalizations characterize this experience. First, on

a routine 12-lead ECG approximately 1% to 5% of healthy individuals demonstrate some

ectopic activity. This increases to 20% to 30% during a symptom-limited maximal

exercise test, and to 40% to 60% during a 24-hour continuous Holter ECG.6 The

prevalence of ventricular ectopy far exceeds that of supraventricular ectopy. The

incidence of ventricular ectopy and its frequency (beat per hour) increase exponentially

with age.7 Among those with any venticular ectopy 5% to 10% will show complex

ventricular ectopy; the corollary is that 90% to 95% of ventricular ectopy is of the

simple type. Simple ventricular ectopy in the absence of other evidence of heart disease

has no known prognostic significance. 8 '9 On the basis of these data it is recommended

that simple ectopy should not constitute a basis for denial in the absence of other clinical

evidence of heart disease.

o Supraventricular tachycardia

Supraventicular tachycardia is defined as a heart rate at rest in excess of

100 beats per minute with the impulse originating above the bundle of His;

thus, it is capable of producing a normal QRS complex. Included in this class
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of disturbances of rhythm are sinus tachycardia, nonparoxysmal atrial

tachycardia, nonparoxysmal junctional tachycardia, :troxysmal junctional

tachycardia and multifocal or chaotic atrial tachycadia.

Sinus tachycardia is almost never caused by sinus node disease and is nearly

always a manifestation of neurogenic or humoral stimuli acting on a normal

sinus node. Thus, the evaluation of the subject with sinus tachycardia is

focused on conditions such as anxiety, anemia, or hyperthyroidism, and

treatment of these underlying conditions corrects the disturbances of rhythm

and eliminates the reason for deferral or denial.

Nonparoxysmal atrial tachycardia is usually a manifestation of excess

digitalis with or without associated potassium depletion. It will usually

resolve with discontinuation of digitalis and supplemental potassium. Once

resolved, the issue of certification will be determined not by the arrhythmia,

but by the nature of the underlying condition for which digitalis was

prescribed.

Nonparoxysmal junctional tachycardia generally has the same etiology and

significance as nonparoxysmal atrial tachycardia; hence, the same

recommendations apply.

Paroxysmal junctional tachycardia usually occurs in persons without heart

disease and has been associated with anxiety, fatigue or excessive use of

caffeine. Perhaps as many as 20% to 30% of these people have an atrial-

ventricular (AV) nodal bypass tract producing a condition that is either

associated with the Wolff-Parkinson-White (WPW) Syndrome or is

IV- 214



mechanistically identical to WPW but has no ventricular pre-excitation

during sinus beats. Treatment is directed toward removing obvious stimuli

that trigger attacks, and toward using drugs such as digitalis, beta blockers,

or calcium antagonists that are designed to inhibit mechanisms responsible

for this arrhythmia. In the absence of other evidence of heart disease

C certification might be considered if the subject is free of arrhythmia for 6 to

KZ months while on treatment. Certification should be re-evaluated every 6

months and contingent upon the pilot's being free of arrhythmia. Any

recurrence while on treatment should be a basis for denial.

Multifocal atrial tachycardia is usually a manifestation of clinically

significant heart disease or its treatment. It should be a basis for denial

unless underlying heart diseae can be excluded and the arrhythmia is

controlled by treatment for 6 to 1U months.

Among applicants for certification in whom there is either a history or

documentation of supraventricular tachycardia other than sinus tachycardia

and for whom special issuance is being considered, it is recommended that a

chest radiography and echocardiogram be included in the initial evaluation,

to exclude underlying heart disease, and that an exercise test and 24-hour

-Holter ECG be included initially and annually thereafter to exclude

recurrent arrhythinias. For persons taking mediation to prevent tachycardia,

special issuance should be considered only if the candidate is free of

significant side effects, and if drug blood levels are dletermined, these do not

exceed the accepted therapeutic level.
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o Atrial fibrillation and flutter

Atrial fibrillation and flutter are best considered as two ends of a spectrum

resulting from re-entry of conduction within atrial muscle. When the atrial

rate is ZOO to 250 beats per minute with a regular or regularly irregular

ventricular response, the rhythm is referred to as flutter. When the atrial

rate is 300 to 360 beats per minute and the ventricular response is regular or

regularly irregular, the rhythm is referred to as flutter-fibrillation. When

the atrial rate is in excess of 400 beats per minute and the ventricular

response is irregularly irregular, the rhythm is called atrial fibrillation.

Among applicants for certification the prevalence of atrial fibrillation is

about Z per 1000.10,11 Its prevalence increases with age.

Flutter and fibrillation may be paroxysmal or persistent. In a general

* population atrial fibrillation is most often a manifestation of underlying

disease and usually is associated with atrial dilatation. Left ventricular

failure, mitral valve disease, pericardial disease and chronic obstructive lung

disease are common causes. Occasionally, flutter or fibrillation is due to

sinus node disease or hyperthyroidism, or it presents as the first arrhythmic

manifestation of the WPW syndrome. Atrial fibrillation is sometimes seen in

- the absence of any of the above conditions and is then referred to as 'lone or

idiopathic' atrial fibrillation. Among pilots, at least 50% of atrial

fibriilation is idiopathic.

When atrial fibrillation or flutter is detected by history, physical

examination or EGG, the first responsibility of the AME should be to

evaluate the pilot for evidence of underlying heart disease. The
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echocardiogram is particularly valuable, as is the chest radiograph, to assess

left atrial size, the status of the mitral valve and left ventricular

dimensions. Echocardiography or radionuclide ventriculography may be used

as noninvasive tests to assess left ventricular performance, but either test is

performed optimally on persons who have sinus rhythm and is less precise in

persons with sustained atrial fibrillation. In individuals under the age of 45

years who have no history of chest pain or significant coronary risk factors,

a negative exercise ECG or thallium scan is probably sufficient to exclude

coronary artery disease. In some persons, especially in males over the age of

45 years, cardiac catheterization and coronary angiography may be required

to exclude or quantify significant heart disease, most notably coronary heart

disease.

Persons who have atrial fibrillation that is idiopathic and paroxysmal have no

excess motality compared to normals.1 Z For those with idiopathic persistent

atrial fibrillation, the literature yields conflicting reports on prognosis for

sruvival. Systemic emboli occasionally complicate the course of idiopathic

atrial fibrillation, but the risk is low and seems to increase with age and with

the chronicity of atrial fibrillation. 1 3 By contrast, the risk of embolization

is very significant among those with atrial fibrillation and any concomitant

underlying heart disease.

Therefore, evidence of any underlying heart disease in a person with atrial

fibrillation should be a basis for denial of certification. For individuals with

paroxysmal fibrillation or flutter and no evidence of heart disease,

certification may be considered If they have had no recurrence for 6 to lU

months without medication, or have had no recurrence with medication. In
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addition, they may be considered if they have had recurrences despite

medication that have not caused symptoms, and it can be demonstrated that

their heart rates at rest and during exercise testing, and their exercise

capacity are appropriate and not significantly different from those that are

expected or observed during sinus rhythm.

For those persons with chronic idiopathic atrial fibrillation the same

guidelines should apply; that is, the fibrillation should be slow, the heart rate

response to exercise should be controlled at a level comparable to that

expected or observed in sinus rhythm, and exercise capacity should be

reasonable and adequate. The blood level of drugs used to treat atrial

fibrillation and flutter should be measured at the time of exercise testinm

and be within the "therapeutic range.' Any history of a documented or

probable systemic embolus should be a basis for denial. Pilots certified with

idiopathic atrial fibrillation should be re-evaluated every 6 months.

0 o Gomplex ventricular ectopic activity

,\eritricular ectopic beats and ventricular tachycardia arise below the bundle

of K~s either from re-entry, enhanced automaticity or abnormal

automaticitv. According to the Lown criteria, complex ectopic activity

includes instan#-,s of multiform VP~s, VPB• with an R-on-T pattern and two

or more VPBs in a wrr, ;ncluding ventricular tachycardia. Complex ectopic

activity is infrequent, but it is occasionally seen in normal individuals.

Among the most frequently de,,.cted underlying heart diseases, are coronary

artery disease, mitral valve pwlapse, ventricular hypertrophy,

cardiomyopathy, and naturally occurring or drug-induced prolongation of the

QT interval. Complex ectopy may be detected on a routine ECG, but the
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most sensitive test is a continuous EGG.14 A single Z4-hour tape is probably

adequate fcr screening purposes, but three separate recordings plus an

exercise test are sometimes required to exclude complex ectopy with.

reasonabkŽ certainty in persons with a suggestive history.

Complex ectopy documented by ECG, Holter or exercise test carries an

increased risk o! heart disease 15 "16 or sudden death. However, complex

ectopy that is obs.-'ved in young healthy runners, in asymptomatic subjects

during near-maximai exercise, or in persons without clinical evidence of

heart disease, has never been demonstrated to be of prognostic

significance. 3 '8 Isolated VPBs that have been classified as complex because

of more than one form or because of R-on-T are of no known prognostic

significance in otherwise healthy subjects. In view of these considerations

the following recommendations seem prudent: in asymptomatic subjects

with isolated VPBs that are detected and classified as complex either

because they are multiform or because they satisfy the R-on-T criterion, the

ECG should be used to exclude the long Q-T interval syndrome;

echocardiographic studies or radionuclide studies should be used to exclude

left ventricular dysfunction; and either an exercise test or thallium image

should be obtained to reasonably exclude signi•icant c-roMary artery

disease. 17 Evidence of heart disease- by any of these tests should be a basis

-4 .for denial, but in the absence of heart diseas-e, isolated VPBs of multiform or

R--o-T should not disqualify.

In contrast, when ventricular ectopic activity is detected and classalied as

complex because of two or more VPBs in a row, including ventricular

tachycarfia. certification should be denied regardless of the presence or
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absence of underlying heart disease. The literature fails to provide evidence

that any form of therapy for ventricular tachycardia alters prognosis or

reduces risk of sudden death. 18 Further testing including echocardiography,

radionuclide scanning, cardiac catheterization and invasive

electrophysiologic testing may be indicated for diagnosis and as guides to

therapy. However, none of these tests is presently known to provide data

that will guide therapy in a way that reduces risk to a "normal' level.

Because there is no test result that justifies certification in an individual

disqualified because of venticular tachycardia, the above tests have no

practical role in the certification process. 19

0 Atrioventricular conduction disturbances

Atrioventricular conduction disturbances include conditions resulting from

either the delay or interruption of conduction from the atrium to the

ventricle. The mechanisms responsible may be located in the

atrioventricular mode, tU- bundle of ills, the bundle branch system, or a

combination of these. First degree atrioventricular (AV) block refers to a

delay of AV conduction with PR intervals greater than O.Z2 second. Second

degree AV block describes a condition in which the ratio of atrial to

ventricular beats is 2:1, 3-:Z, 4:3, etc, that is, some atrial be&at are

conducted in the ventricle and some are not. Second degree AV block is

further clas.ilied into Type I or Wenckeback pjttern, and Type r1, in which

there is an abrupt Lnterruption of the AV conduction without prior

progressive lengthening of the PR interval. Third degree and advanced AV

block describe a condition in wich two or more consecutive atrial impulses

fail to propagate to the ventricle.
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Occasionally it may be difficult to determine the "degree" of AV block, and

an atrial impulse may not be conducted even though AV conduction is

normal. Such a phenomenon occurs in individuals who develop sinus node

slowing, or an *escape' AV junctional pacemaker that competes with the

normal SA node impulse. Dissociation of atrial and ventricular electrical

events need not indicate any AV conduction disturbance, and careful

assessment is required to distinguish between AV dissociation and AV block.
-i

AV conduction disturbances may be observed in individuals without heart

disease. Most notably, first degree AV block or Type I second degree AV

block can result from drug effects or from increased vagal tone. These

N situations are typicaLly reversible either by removing the drug or by reducing

vagal tone by exercise or atropine. They are typically associated with a

normal QRS duration and morphology. The pres-ence of first degree AV block

or Type I second degree block that does not respond to exercise or atropine

or is associated with pr-ol.ongation of the QRS comple---, cr Type 1 s-econd

degree AV block or third degree AV block, suggests significant underlying

he-art disease. These conditioirm progress to either bradycardia or syncope

with sufficient frequency to be of concern. 'Reversible first degree AV block

or Type I second degree AV block in the absence of heart disease o- QRS

prolongatio a-re conditions for which the pilot way be certified. Persons

with first or second degree AV block that is no: --eversible and that is

associated with widening of the QRS complex, and persons with Type II

second degree at third degree AV block, should be- disqualified.

The degree and type of AV block are. usually evident from a routine EGG, but

Sindividuals suspected of having AV block and those with any degree of AV
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block on the resting ECG should have a Holter recording and an exercise test

to assess adequately the highest degree of AV block. An echocardiogram or

iadionuclide ventriculogram should be obtained to exclude significant

myocardial dysfunction. Invasive electrophysiologic studies are required to

define the anatomic site of block, and these studies may aid in subsequent

treatment. HowQver, no known test result in a person with Type 11 AV block

or third degree AV block provides reasonable assurance of negligible risk for

bradycardia or syncope, and no test result assures a normal prognosis.

HencL, invasive electrophysiologic studies have no practical value in the

certification process.

0 Intraventricular conduction disturbances

Abnormalities in the sequence of ventricular activation may be due to eithe-

delayed excitation or pre-excitation. The former results from a spectrum of

anatomical-pathological conditions causing conduction delay or bloch,

includixig septal fibrosis, prior ayocardial infarction, vent.-icular hypertrophy

and infiltrative diseases of the myocardium. Conduction deifcts, Mn. -t

notably right bundle branch block (RBBB), may be congenital and not

associated with any progressive pathological process. Pre-excitation, such

as the WPW syndrome or its variants, is the conscquence of a congenitally

persistent accessory pathway(s) for atrioventricular con.Iction.

If an ECG reveals an intraventricular conduction disturbance, the

disturbance should, be classified according to standard electrocardiographi.

criteria. The most frequently encountered abnormality is right bundle

branch block (RBBB). Its prevalence is 1 to 2 per HTO. It frequently is

present at birt'h or develops only at high heart rates, such as during exercise,
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but it then disappears at lower rates. A special effort should be made to

review ECGs that were obtained on the pilot at a younger age. Wher RBBB

is known to have been present for years, is not associated with any cardiac

symptoms, and is accompanied by an otherwise normal cardiac examination,

it carries no known adverse risk or prognostic significance. 0'Z1 Therefore,

it should not be a basis for denial. When RBBB is of unknown duration or is

known to be recently acquired, a more comprehensive evaluation is indicated

to exclude progressive cadiac pathology. A minimum evaluation should

include exercise stress testing, a thallium scan to screen for potentially

significant coronary artery diseae, an echocardlogram or radionuclide

ventriculogram to exclude a cardiomyopathy, and a Z4-hour Holter recording

to exclude a more advanced block. In the absence of evidence of heart

disease, acquired RBBB carrics no known increased risk for death or

syncope.ZZZ 3

Disturbed conduction ia the left bundle may present as left anterior

fascicular block, left posterior fabcicular block or complete left bundle

branch block (LBBB). Accepted criteria are available to classify most

electrocardiograms into one of these groups. The most common of these

abnormalities is left anterior fazcicular block, which has a prevalence of 1

per 100, There is no increased risk of death and no known increased risk of

syncope in persons with isolated left anterioa fascicular block.Z4

Isolated left posterior fascicular block has a previlence of approximately I

Z per 1000 and there is no follow-up experience of sufficient size to justify a

prognoti c conclusion.
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Isolated acquired left anterior or posterior fascicular block should be

evaluated in the same manner as acquired or presumably acquired RBBB,

using exercise tests, echocardiograms and nuclear imaging to complement a

routine cardiac evaluation. Evidence of progressive cardiac pathology should

be excluded with reasonable certainty. When these tests are normal the

applicant may be considered for certification.

In the fourth decade of life complete LBBB is detected in about 1 to 2 per

10,000 ECGs, which is a prevalence of about one-tenth that of RBBB.

Isolated LBBB is associated with only a very slight increase in mortality

risk; 2 5 however, persons with known, recently acquired LBBB have a 10-fold

increase in risk of mortality.Z6  From 10% to Z0% of persons with

asymptomatic LBBB have coronary artery disease demonstrated by

catheterization.27 Persons with LBBB should be evaluated with

echocardiography or nuclear studies to exclude a cardiomyopathy, and with

thallium scans to reasonably exclude significant coronary disease. For LBBB

acquiried after age 45 years catheterization and coronary arteriography may

be indicated. When heart disease has been satisfactorily excluded, the

applicant with LBBB may be certified. Recertification should be contingent

upon an annual follow-up examination.

0 Pre-excitation

The prevalence of pre-excitation, or Wolff-Parkinson-White (WPW) and its

variants, is estimated at I to 3 per 1000 ECGs,z 8 although this prevalence

varies depending on the population selected for study.Z9 Furthermore, the

i.ncidence of tachyarrhythmias varies with the type of population studied.

The lowest incidence of arrhythmias is among young adults without a past
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history. The best estimate is that 10% to Z0% of such individuals will

experience tachycardia at some time in later life. Although pre-excitation

identifies a group with an increased incidence of troublesome

tachyarrhythmias, actuarial studies have so far failed to provide evidence

that pre-excitation among those without other evidence of heart disease and

without prior arrhythmias is associated with an increased risk of premature

death.Z
9 ,3 0

The prevalence of pre-excitation is higher in certain forms of heart disease,

most notably Ebstein's malformation and hypertrophic cardiomyopathy, than

in the general population.Z8 For this reason, the first obligation of the

examiner who is evaluating an applicant with pre-excitation is to exclude

these types of underlying heart disease. If these abnormalities are not

obvious on physical examination and chest radiograph, the most sensitive

test would be an echocardiogram.

Individuals with a past history of arrhythmia are prone to have repeated

attacks. Therefore, a second obligation of the medical examiner is to obtain

a detailed history of either documented or probable past episodes of

tachycardia. In the absence of a history of tachycardia there is no evidence

that exercise testing is a usefl provocative test.3 1 A Z4-hour continuous

ECG• should be obtained; however, one that fails to show arrhythmia provides

no assurance that arrhythmias will not occur at some other time. 32

A majority of subjects with pre-excitation have inducible arrhythmias during

invasive electrophysiological studies.2 8 While such studies may be a useful

guide to therapy, they do not help in defining those who are prone to
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arrhythmia among a group with pre-excitation and no known history of

arrhythmia.

Supraventricular reciprocating tachycardia is the most common arrhythmia

in subjects with pre-excitation. Frequently, the heart rate during such

attacks and the hemodynamic consequences are greater than in paroxysmal

supraventricular tachycardia that is not associated with pre-excitation. The

second most frequent arrhythmia in subjects with pre-excitation is atrial

fibrillation. Although atrial fibrillation is infrequent, it is difficult to

predict who is prone to this arrhythmia and which of those who develop

atrial fibrillation will have a catastrophically rapid ventricular response.

Invasive electrophysiologic techniques have been used to induce atrial

fibrillation in subjects with pre-excitation and a very rapid ventricular

response has been used as one indication for surgical therapy.

Unfortunately, a relatively slow ventricular response to induced atrial

fibrillation does not assure that a more rapid response will not occur under

circumstances of stress other than those that occur in a catetherization

laboratory.

Given these cousiderations it is not surprising that in the United States,

Canada and Great Britain, pre-excitation has generally been regarded as a

basis for disqualification. Certainly any applicant with pre-excitation and

either a history of arrhythmia or underlying heart diseane should be

disqualified. Special issuance might be considered for those with pre-

excitation and no history of arrhythmia or evidence of underlying heart

disease. Under such circumstances the special issuance should be limited to

situations where the applicant would not be the sole pilot, that is, situations
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in which there is crew redundancy, and it should be contingent upon annual

follow-up. Fortunately, pre-excitation and the risk of arrhythmia can be

eliminated in 90% to 95% of persons who undergo surgery. If symptoms

warrant such intervention and if postoperative electrophysiological studies

confirm that pre-excitation and susceptibility to arrhythmia have been

eliminated, certification could be considered.

o Pacemakers

It is recommended that persons with an implanted cardiac pacemaker be

denied certification or recertification regardless of age.? Any applicant

who seeks special issuance should be referred to a cardiologist for a

complete cardiovascular evaluation. Special issuance may be considered if it

can be demonstrated that the pacemaker was inserted in the absence* of

currently accepted indications, and that the pacemaker currently provides no

therapeutically desired or beneficial advantage, and that there is no

significant underlying coronary or myocardial disease or disturbance of

rhythm or conduction.
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Diseases of the Periphieral Vascular System

Arterial Disease

0 History

The medical examiner should inquire about intermittent claudication, which

is the most common presenting manifestation of chronic occlusive arterial

disease in the lower extremities. Pain in the extremities at rest occurs only

late in the course of occlusive arterial disease when there are other obvious

manifestations of peripheral ischemia.

Aneurysms of the aorta and its branches usually cause no symptoms until

they are large enough to exert pressure on surrounding structures and cause

pain. When aneurysms are large enough to cause pain, rupture is usually

AMC, 'imminent. A few persons become aware of their aneurysms because of the

abnormal pulsations they feel in the abdominal, femoral or popliteal areas.

A history of penetrating injury, such as from bullets, shrapnel, birdshot, a

knife, or glass, followed by the development of a pulsating mass suggests an

arteriovenous (AV) fistula. Aortic, iliac, femoral and popliteal aneurysms

sometimes give rise to microemboli distally, which is usually manifested by

purple discoloration and pain in the toes. Microemboli can also lodge in the

skin of the lower extremities, giving rise to petechial hemorrhages. The

examiner should also inquire about the presence of Raynaud's phenomenon in

the extremities, usually the fingers.

"o Physical examination

During examination of the abdomen, the medical examiner should attempt to

tw palpate the abdominal aorta and to delineate its size. The femoral,
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popliteal, posterior tibial and dorsalis pedis artv-ies should be paipated and

the amplitude of pulsation should be graded from zero (absent) to four

(normal). Evidence of aneurysmal dilatation of the peripheral arteries should

be noted, especially in the aortoliliac, popliteal and femoral areas where

they are most common. Arteries in the upper extremities should also be

examined for patency. Systolic bruits heard in the abdominal aorta or in the

femoral areas are mu'-h less significant than those heard in the neck. They

do not necessarily indicate that an aneurysm or occlusive disease is

present. A continuous bruit in the abdomen suggests either severe stenosis

of a visceral artery, usually the renal artery, or an AV fistula. The AME

should look for postval color changes (pallor on elevation and rubor on

dependency) in persons who have diminished or absent peripheral pulses, as

an estimation of the degree of ischemia of the skin.

0 Recommendations

When the diagnosis of peripheral atherosclerotic disease is made, whether it

be an aneurysm, atheroemboli or chronic occlusive disease, appropriate

diagnostic procedures should be carried out to evaluate the coronary and

carotid circulation before a certificate is granted. I

A maximal treadmill test shoed be performed. If intermittent claudication,

chest pain, fatigue or any other condition contraindicates the maximal stress

test, or if the results are Pozitive or inconcluwive, coronary angiography is

indicated. An intravenous digital subtaction angiogram of the carotids or

conventional carotid asteriography Ls warranted.
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Thoracic or abdominal (or thoracoabdominal) aneurysms are predisposed to

rupture leading to sudden death or incapacitation. -5 A person with an

abdominal aneurysm that is ,noye than four cm in diameter as measured by

ultrasonography should be denied a medical certificate for any class. 4' 5

Aortic aneurysms sraaler than -.his should not preclude granting a certificate

providing the pilot agrees to submit to ultrasonography every 6 months in

order to monitor thz progress of the aneurysm. 6 Following aneurysmectomy

the pilot should wait for a period of four months after which the certificate

can be issued, provided there have been no disabling complications from the

operation, ultrasonography shows no evidence of residual aneurysmal

dilatation, and no other disqualifying conditions are present.

Aneurysms of the iliac artery are also predisposed to rupture 7 and therefore

I to producing sudden disability or incapacitation. Applicants with aneurysms

in this site may be granted a medical certificate four months after

successful aneurysmectomy providing no other disqualifying conditions exist.

Femoral and popliteal aneurysms are much less likely to rupture but are

likely to cause thrombosis, embolizatiou, and venous congestion.8-10

Coasequently, they are not a common source of sudden incapacitation.

Studden arterial occlusion of a lower extremity is not a desirable event for

the pilot, but it would not likely result in incapacitation to the point that the

pilot and passengers would be in danger. A medical certificate should not be

issued to a pilot who has an aneurysm that is more than three cm in diameter

until it has been successfully removed, because aneurysms of this size are

likely to cause "-omplications.
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Splenic, hepatic, renal and other visceral artery aneurysms are rare, and

rupture is infrequent except during pregnancy; therefore they are not a

major source of concern with regard to sudden death or incapacitation. They

are usually discovered incidentally during angiography for other conditions

or, when the walls are calcified, on plain radiographs of the abdomen.

Without complications they should not be a reason for denying a medical

certificate. Following surgical removal of a visceral artery aneurysm, a

medical certificate may be issued within four months, if there have been no

complicat sons.

Aortic dissection is a catastrophic event that can disable or kill its

victim.11'1Z Except for Marfan's syndrome, hypertension and congenitally

bicutpid or unicommissural aortic valves,13 there are no identifiable risk

factors for this condition, which usually appears suddenly. For this reasonk

applicants with Marfan's syndrome should not be granted a medical

certificate. Hypertension and congenital abnormalities of the aortic valve

are addressed elsewhere.

"llealed' dissecction of the aorta results when acute dissection stops

spontaneously with or without the benefit of antihypertensive therapy. The

isk, of further di3ection or other cardiovascular complications is great

cuough to disqualify an applicant with this history, as well as applicants who

"have had surgical treatment of dissecting aneirysm. 14

With or without intermittent claudication, occlusive peripheral arterial

disease (aortoiliac, lemoropopliteal or distal to the popliteal) should not be a

reason to deny a medical certificate unless there are ischemic lesiom. that
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cause so much pain that the pilot would be distracted. Chronic occlusive

arterial disease itself rarely causes complications that would be suddenly

incapacitating. Sudden arterial occlusion of an important collateral artery,

such as the profunda femorus, might lead to abrupt worsening of ischemia,

but this would not likely incapacitate the pilot to the point that he or she

could not manage an aircraft.

In the absence of other disqualifying conditions, a medical certificate may

be issued four months after successful revascularization of the lower

extremities, even if peripheral pulses have not been fully restored, provided

that there are no painful ischemic lesions.

Showers of minute atheromatous emboli, consisting of debris from aneurysms

or mural thrombi within the thoracic or abdominal aorta, may lodge in

mtultiple viscera and in the lower extremities. Sometimes th• is spontaneous

but most of the time it is induced by intra-arterial catheters during

anagiography or sometimes by anticoagulant therapy. These episodes may be

isolated and single but more often are recurrent. They can lead to renal

failure and perforation of a viscus, and to minute cutaneous ihifarcts in Che

skin of the lower extremities, especially the toes.

Applicants who have a history of findings in tbc lower extremities suggesting

the diagnoss of atheromatous emboli should not be issued a certificate until

lurther investigation excludes the diagrosis or confirms that it is ar. lated

episode that has not caused a significant impairment.
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Raynaud's phenomenon and livedo reticularis may be primary or secondary to

a multitude of underlying conditions.1 5  Primary Raynavd's disease and

livedo reticularis do not subject the applicant to d&inger of sudden disability

and they are not reasons for denying a medical certificate, unless there are

painful ischemic lesions on the extremities that would distract the pilot or

require his or her taking opiates for relief. Medication that is sometimes

prescribed for these conditions, such as alpha receptor blocking agents, can

cause orthostatic hypotension, and therefore applicants who require

medication to control their symptoms should not be granted a certificate.

When Raynaud's phenomenon or livedo retricularis is secondary to another

disease, the underlying disease should be evaluated and the applicant should

meet the criteria for that disease.

Acrocyanosis is another vasospastic disease and, although it is cosmetically

unattra.ctive, it is a benign condition that rarely produces any type of

disability; it is not a reason for denying a certificate.

Venous Disease

o lFistory

T:ie medical examiner should question the applicant about previous episodes

of thrombophlebitis and sho%ld inquire about recurrences. A remote episode

following an operation, prolonged bed rest or trauma, which leaves residua,

is of no concern. Recent episodes and recurrent episodes might well be a

reason for disqualificatior. The examining p'.ysician should also inquire

about late sequelae of thrombophlebitis, including chronic swelling, varicose

veins, stasis dermatitis and stasis ulceration of the lower extremities. A
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history of a pulmonary embolus associated with an episode of

thrombophlebitis is important, especially if it has been recent or if there

have been recurrent episodes.

It is important to try to establish by history, when possible, whether the

thrombophlebitis was confined to the superficial veins or whether it involved

the deep veins. Diffusi swelling and cyanosis of the entremity would suggest

involvement of the deep veins. When thrombephlebitis is confined to the

supe:.!cial veins it is readily apparent as a "red streak" along the course of

the vein, which is easily palpable as a tendev cord. Superficial

thrombophlebitis usa.lly occurs in varicose veins.

o Physical examination

The lower extremities should le examined for evidence of incompetent

varicose veins, which can be either primary or secondary to previous deep

venous thrombosis. The combination of incompetent superficial veins,

chronic edema of the involved extremity and brownish discoloration around

the ankle suggests chronic venous insufficiency from previous deep venous

thrombosis. Stasis ulcers typically occar just above the internal malleolus,

usually in an area of indurated cellulitis. Frequently, a single epLside Žf

deep vein thrombosis will leave no residual whatsoever.

0 Recammendations

An applicant requesting a certificate to fly is not likely to be examined at

the time when he or she has- acute venous thrombosis. Therefore, the

recommandations below apply more to pilots who have already been certified

A.:"• '' and who develop acute venrA.Ls thromLvsis.

4N.
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Superficial thrombophlebitis usually occurs in varices and sometimes as a

result of minor trauma, but it can occur in normal and competent superficial

veins as a result of direct trauma or systemic illness, such as cancer, blood

dyscrasias, or thromboangiitis obliterans. Since superficial thrombophlebitis

seldom gives rise to pulmorzary emboli, this disease is aiot likely to lead to

sudden death or incapacitation and should not disqualify the applicant once

the acute episode has subsided, provided serious underlying disease has been

ruled out.

Deep venous thrombosis can led to pulmonary emboli, sudden incapacitation

4 or even death, and therefore this condition should disqualify the applicant
untilt the acute event has subsided and it is determined that this is a

recurrent ccnd~ition or an isolated episode. Since most physicians now

prescribe coumarin anticoagulants following an episode of deep venous

thrombosis, the certificate should be withheld until the applicant can safely

discontinue long-term anticoagulant therapy. In no case should a certificate

be issued sooner than 6 months after an acute episode of deep venous

thrombosis.

If deep venous thrombosis is complicated by pulmonary embolism, coumarin-

type anticoagulants are almost always prescribed for periods up to one

year. This therapy itself should disqualify the applicant until it can safely be

withdrawn. iU there was an identifiable event responsible for the deep

venous thrombosis and pulmonary embolus, such as trauma or surgery, and

pulmonary function has not been compromised by the embolus, a certificate

may be issued when long-term anticoagulant therapy is discontinued; in no
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case should this be sooner than 6 months aftei• the embolic event.

Chronic venous insufficiency is the late result of deep venous thrombosis. It

is not a reason to disqualify an applicant for a medical certificate, since it

will not lead to sudden disability or incapacitationý provided that at least 6

months have elapsed since the acute event and the applicant is no longer on

anticoagulant therapy and has no history of recurrent thrombophlebitis.

Incompetent superficial veins with or without varicosities are not a reason to

disqualify an applicant for a medical certificate, since this condition will not

lead to sudden incapacitation. Varicosities sometimes are complicated by

superficial thrombophlebitis but since this rarely gives rise to emboli, this

also should not be a reason for disqualifying an applicant.

Arteriovenous (AV) fistulas are either congenital or caused by trauma. They

are characterized by loud continuous bruits, and when they are close to the

surface, by an accompanying thrill. Large fistulas can lead to heart failure,

which would disqualify the applicant. In the absence of cardiac

complications, an AV fistula is not likely to lead to sudden incapacitation

and therefore is not a reason to disqualify an applicant. Since it is often

desirable to resect AV fistulas to prevent complications, a medical

certificate may be granted after four months if there have been no

complications from the surgery, there are no other disqualifying conditions,

and the applicant has recovered completely.
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Myocardial Disease - Cardiomyopathy

Introduction

In some areas of the world cardiomyopathy is a common type of heart disease. In

the United States, it is an important but not frequent cause of death from heart

disease. It may present either as an acute and transient insult to the myocardium or as a

long-standing chronic disease. Because of the risks of incapacitation from heart failure

and arrhythmia, it is of great concern to aviation personnel. 1 '2

Some confusion has resulted from terminology and various classifications of

myocardial disease. "Cardiomyopathy," "myocardiopathy," and "primary myocardial

disease" are the names that have been most commonly used and, for all practical

purposes, they are synonymous. They mean that the disease primarily affects the

myocardium and that it is not vascular, valvular, hypertensive, or pericardial in origin.

While it is known that anatomic changes in the myocardium and myocardial failure may

occur as the result of vascular diseases, such as coronary artery disease; valvular disease,

such as aortic valve disease or mitral regurgitation; hypertensive disease; and pericardial

disease, such as constrictive pericarditis with myocardial involvement, those forms of

secondary myocardial failure are not considered to be true cardiomyopathies. There are

many known causes of cardiomyopathy, but in most cases the etiology is not known, that

is, it is idiopathic."

A classification based on the hemodynamic presentation of the disease state

divides cardiemyopathy into dilated (which was formerly called congestive), restrictive,

and hypertrophic (which was formerly called obstructive) forms.3 There are no data

avadable to compare the frequencies of occurrence of these forms of cardiomyopathy.

Their incidence undoubtedly varies in different regions of the world. However, in the It
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United States the vast majority are of the dilated type, a few are of the hypertrophic

type, and only rare cases are of the restrictive type. Those persons with the dilated type

of cardiomyopathy have dilatation of the left, right or both ventricles. The dilatation

often becomes quite severe. In some cases, mild degrees of hypertrophy may accompany

it. Systolic ventricular function becomes impaired. Congestive heart failure may or may

not be present. Both atrial and ventricular cardiac arrhythmias are very common.

In contrast, the cardiomyopathies of the restrictive type cause stiffening of the

ventricules and prevent ventricular diastolic filling, which is very similar to the pattern

seen in constrictive pericarditis. Examples are endomyocardial fibroelastosis; Loeffler's

cardiomyopathy, or eosinophilic endomyocardial disease; amyloidosis; sarcoidosis; and

hemochromatosis.

In the hypertrophic form of cardiomyopathy, the diseased muscle is hypertrophied

and impairs ventricular filling and may obstruct ventricular ejection. The hypertrophy

" r usually involves the left ventricle, but it may also occasionally affect the right

ventricle. The septum is usually more hypertrophied than the free wail, but in some

cases the hypertrophy may be concentric. Lett ventricular volume is normal or

reduced. Systolic pressure gradients are common.

This classification is purely descriptive, not etiologic, and is based solely on the

hemodynamic and anatomic characteristics of the ventricles. There are some persons

with cardiomyopathy who do not fit neatly into anyone of these categories and theirs has

been called 'unclassified cardiomyopathy.' This term applied particularly to the

individual with ECG abnormalities such as repolarization changes, conduction defects,

large voltage of ventricular hypertrophy, or cardiac arrhythmias, but in whom ventricular

function is normal. Progressiou to overt cardioawyopathy of the dilated, restrictive, or

hypertrophic types may or may not occur.
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Acute and Chronic Cazilomyopathy

Cardiomyopathy can be seen in both acute and chronic stages.4 Usually, acute

myocarditis runs a brief course, clears, and leaves no clinical evideace of residual

damage. Infrequently, it may pass from an acute phase into a chronic form, either

shortly after the acute phase or after a latent period. 5 However, in most cases of

chronic cardiomyopathy there is no history of a previous acute illness that might have

been identified as acute myocarditis.

Acute Cardiomyopathy c Myocardftb

o Etiology

Acute myocarditis may be due to numerous causes, such as viral infections,

especially Coxsackie B, and less commonly Coxsackie A, echo, polio, and

influenza; peripartum; toxins; idiopathic; rheumatic fever; Chagas' disease or

American trypanosomiasis; toxoplasmosis; diphtheria; and typhoid fever.

Acute pericarditis may accompany the myocarditis of infectious diseases.

Heart failure and arrhythmias occurring toward the end of pregnancy and in

the postpartum period sometimes have been coiaide~d a specific form of

cardiomyrpathy. It is controversial whether this cardlomyopathy is directly

due to the pregnancy or merely the coincidental occurrence of an idiopathic

or viral form of myocarditis in the peripartum period.

Toxic myocarditis has occurred in cobalt polsoning when cobalt was Used in

excessive amounts as an additive to beer. Doxorubicin (AdriamycinR) is a

cancer chemotherapy drug of the anthracychlwe group thai may lead to

irreversible cardiotoxicity. 6 It is particularly hzaidous in perso.s who have
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received or who are concurrently receiving radiation therapy to the chest,

cyclophosphamide or mithramycmn.

Rheumatic fever can produce a myocazditis that leads to heart failure.

F~ortunately, severe rnyocarditis occurs only in a small percentage of persons

with acute rheumatic fever. After the acute attack heals, many of these

individuals have residual valvular abnormalities due to the rheumatic

endocarditis that accompanied the myocarditis.

o Natural history

In severe acute myocawditis there may be a relentless progression of heart

failure and even death, but in the more typical case there is either a total or

partial healing of the acute process. When there is significant residual injury

X., 10to the myo~cardiumn, varying degrees of cardiomega-ly, heart failure or

arrhythmia may result.

0 Recommendations for certfcto

Complete evaluation should include an ECG, chest radiograph, treadmill

exercise- te-st, echocarcliograra, gated heart pool scan, and 24-hour

ambulatory ECO. Certificatei for all classes, of airmen should be denied to

-~individuals who have recently had myocarditis because of the potential risk

of arrhyt~hmia aud heart failure.

V. Special issuance. may be granted 6 months after the illness if it has been

transient and if che person has become asymptomatic, has a normal physical

examination, and hasz an entirely normal laboratory evaluation.
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Chronic Dilated and Restrictive Cardiomyopathy

Acute myocarditis may progress to a chronic cardiomyopathy. However, in most

chronic forms of the disease, an acute phase either did not occur or was unrecognized.

Chronic cardiomyopathy may affect myocardial function, and when it does, the

classification into the dilated, restrictive, and hypertrophic types is helpful.

o Etiology

Some causes of the chronic form of cardiomyopathy are: idiopathic; viruses;

alcohol; collagen vascular diseases, including systemic lupus erythematosus,

scleroderma, polyarteritis nodosa, and rheumatoid arthritis; neuromuscular

diseases, such as progressive muscular dystrophy, Friedieich's ataxia and

myotonia atrophica; familial cardiomyopathy; Chagas' disease;

hemochromatosis; sarcoidosis; amyloidosis; and eosinophilic or Loeffler's

disease.

Those cases that are idiopathic or due to alcohol or previous viral infections

are the most common and present as dilated cardiomyopathies. Of these,

the idiopathic cases are most frequently seen.

Hemochromatosis, sarcoidosis, awyloidosis, and eosinophilic (Loeffler's)

myocarditis are uncommon types of cardiomyopathies; they produce a

restrictive hemodyna-mic pattern.

o Natural history

The chronic dilated and restrictive cardiomyopathies usually become

progressively worse over a period of months or years, even with appropriate
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medical management. However, their course is quite unpredictable. Heart

failure and arrhythmias are their usual manifestations, but pulmonary or

. systemic emboli may occur, particularly in the presence of atrial

fibrillation. Sudden death is not uncommon.

The term "ischemic cardiomyopathy has been used by some to describe

coronary artery disease with previous myocardial infarction and extensive

myocardial scarring that presents predominantly with severe heart failure

and little or no angina pectoris. The clinical presentation of 'this problem

may be identical to any of the forms of dilated cardiomyopathy listed

above. Strictly speaking, this is an in-c.srrect use of the term

Tscardiomyopathy' because the true card:omyopathy disorders are not of

coronary artery origin.

o Recommendations for certification

Complete evaluation should include an ECG, chest radiograph, treadmill

exercise test, echocardiogram, and a gated heart pool scan. Because of the

high risk of cardiac arrhythmia, a 48 to 72 hour ambulatory ECG %hould be

obtained. When heart failure- is present and the- diagnosis of coronary artery

disease cannot be excluded, a coronary arteriogram may be indicated.

Certification for all cLases of airmen should be- denied to individuals who

have a chronic dilated or restrictive cardiomyopathy because of the risk of

sudden incapacitation rmm an arrhythmia, heart failure, or embolus.

Special issuance may be granted to those persons whose left ventricular

function u only mildly reduced, as evidenced by a near-normal ejection
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fraction and by a failure to reduce the ejection fraction with exercise during

the gated heart pool scan.

In some cases, cardiomyopathy is suspected solely because of EGG

abnormalities such as repolarization abnormalities, conduction disturbances,

or cardiac arrhythmia. If there is no clinical or laboratory evidence to

categorize the disorder as a dilated, restrictive or hypertrophic

cardiomyopathy, recommendations for certification should be made

according to the guidelines for those specific EGG abnormalities.

Any applicant with a history of any form of cardiomyopathy should be denied

certification even though he or she may be asymptomatic and have no

apparent residual effects of a previoua cardiomyopa%'-y. A complete

evaluation including cardiovascular examination, chest radiograph, EGG,

t-*.adraill exercise test, echocardiogram, 4-iour ambulatory EGG, and gated

heart pool scan at rest and with exercise should be performed. Special

isuance may be granted when th only significant abnormality is a mild

decrease ton the left ventricular function, as evidence by a near-norxmal

el<ectioa fraction, and by a failure to reduce the ejection fraction with

exercise during tLe gated heart pool scan.

I (1hooi 11yPCrtW<oPbic CaLdimnyopathy

Hypertxohic cardiomyopathy ia a myocardial disorder characterized by

diroportionate hbyperrophy of portions of the left ventricle and occasionally of the

Sright ventricle, usually affecting the upper intraventricu"ar septum more than the free

wail. -Occasionally it is concentric. 3 lheie is usually a bizarre form of myocardial fiber

hypertrophy, which results in myocatdial fiber and myofibrillar disarray..
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0 Background

When this disease was first recognized, it was thought that its major

consequences were due to obstruction of the left ventricular outflow

tract. 8- 11 It was called by many names, including idiopathic hypertrophic

subaortic stenosis (IRSS), hypertrophic obstructive cardiomyopathy (HOCM),

and muscular subaortic stenosis (MSS). Systolic gradients were found in the

left ventricular outflow tract in many cases and it was therefore considered

to be similar to valvular aortic 3tenosis. Subsequently, it has been

appreciated that the myocardial disorder itself is the major problem and that

true left ventricular outflow tract obstruction is not necessarii"

present.la'1 3  Symmetrical left ventricular hypertrophy, and even apical

hypertrophy, have been found and have therefore greatly expanded the

14,1

specturm a f this disorder. 14 ' 15

0o (utflow tract obstruction

The parameter that previously had been used to measure outflow tract

obstruction, the intraventricular pressure gradient, may not be an accurate

indicator of obstruction, since in some eases the gradient has been found to

be due to cavity obliteratia without true obstruction. 1' 17 There are

certan featuivs about the intraventricular prezsur gradient of hypertrophic

cardiomyopathy that make it diferent from the transvalvular pressure

gradient of aortic stenosis. Unlike persons with valvulWr aortic stenosis,

perswis with hypertrophic car:Wmwyopathy have very rapid rates of ejection,

even more rapid than subjects with normal hearts. 18 This rapid etection is

found in persons :-vii h;-rtronhic cardiomyopathy regardless of whetti - or

not a gradient is present. In some individuals, a gradient may be extreme,-
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* variable and labile, being absent at rest but provocable with intropic drugs,

the Valsalva maneuver, or amyl nitrite inhalation.1 9  When an

intraventricular pressure gradient is found, it is usually in individuals with

asymmetric septal hypertrophy, but some individuals with -symmetric left

ventricular hypertrophy also. have cavity obliteration and pressure

gradients.2 0  Intraventricular pressure gradients have been produced in

normal animals by infusing subbypertensive levels of norepinephrine.z1 In

some studies, a smaller gradient has actually been associated with a worse

prognosis.zz For these reasons, the term "obstructive" has been dropped

from the original names of this disorder and it is now usually known as

hypertrophic cardiomyopathy.

0 Diastolic function

A major hemodynamic defect in this cardiomyopathy is found during

ventricular diastoleZ3 -Z5 and is associated with prolongation of the

isovolumetric relaxation time, delay in left ventricular filling, and a slowing

of the rate of mitral valve opening. The diminished ventricular filling may

reduce cardiac output, and the signs and symptoms of heart failure, which

are infrequently present, are due to reduced left ventricular filling.

o Cardiac arrhythmias

k Ventricular arrhythmias are a major problem and the main cause of death in

th-s disorder. Sudden death is frequent. 5 Atrial fibrillatiox' often leads to

congestive heart failure because the efect of tne loss of atria! contractions

is magnified due to the already existing impairment of ventricular filling

from the hypertrophied ventricle.
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o Establishing diagnosis

There is a broad clinical spectrum to this disease, ranging from mild to very

severe. Those persons with the most severe disease may clearly demonstrate

the clinical, echocardiographic, and angiographic features, but those with

only mild or moderate disease have diagnostic features that are much less

obvious. Furthermore, the difficulty in establishing a diagnosis is increased

because there is no single criterion that is specific for the disease. The

clinical, echocardiographic, and angiographic findings must all be considered

and the weight of the evidence should then determine the suitablity of the

diagnosis. Although there has been a great emphasis on the

echocardioaraphic diagnosis, it .shouk be stressed that all of the individual

echocardiographic findings have also been seen in other conditions, and none

of them alone, including the finding of disproportionate septal thickening or

asymmetric septal hypertrophy, is diagnostic of hypertrophic

cardiomyopathy. Angiographic evidence may be helpful in establishing the

diagnosis when it is clearly present, but the effects of minor degrees oi

hypertrophy may not be apparent on the ventriculogram.

The clinical signs are a sritolic ejection murmur at the left sternal border

and apex; an arterial pulse of bifid character, known as *spike and dome;"

3 4and a palpable presystolic ventricular impulse. The echocardiographic

"S.. firiding are a disproportionate tiickness of the interventricular septum, or

-.. asymmetric septal hypertrophy; a systolic anterior motion of the mitral

valve appartus; a reduced diastolic closure rate of the mitral valve; a small

- left ventricular cavity; a displacement of the mitral valve towards the

septum. and a midsystolic closure of the aortic valve. The angiographic

findings are left ventricular cavity elimination in systole, a massive
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hypertrophy of the free wall and septum, large papillary muscles, and an

angulated banana-shaped ventricle in diastole.

Because of the wide range of abnormalities within this disease category and

because methods of diagnosis are sometimes limited, we recognize varying

levels of certainty in the diagnoses, ranging from "definite" to "probable" to

"uncertain." The more positive the clinical, echocardiographic, and

angiographic data, the greater the certainty of diagnosis. When all the

findings are present, we can make a "definite" diagnosis, but if the evidence

in all these categories is no more than equivocal, then the diagnosis must

remain "uncertain." In the mid-ground lies a category of "probable" in which

some, but not all, of the features in each category are present.

o Prognosis

People with hypertrophic cardiomyopathy have a shortened life expectancy,

often dying suddenly and unexpectedly from a ventricular arrhythmia. Heart

failure is relatively uncommon, but it frequently occurs after the onset of

atrial fibrillation. McKenna et al followed 254 patients for up to Z3 years

(mean o! 6 years): 48 died and 32 of those died suddenly.Z6 Maron et al

reported the clinical profiles on 78 patients who had either died suddenly or

who had experienced a cardiac arrest and survived.Z7 Seventy-one percent

of those patients were less than 30 years old, and 54% had been on adequate

doses of propranolol. ThE echocardiogram and ECG were no different in

those patients who died than in age-and-sex matched controls with

hypertrophic cardiomyopathy who had not died, so that there was no clinical

sign or hemodynamic variable that could identify the high risk patient.

However, McKenna et al have shown that individals with ventricular
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arrhythmias 4 id those with a family history of sudden death are in the high

risk category. 2 8 A study of natural history of hypertrophic cardiomyopathy

showed aa overall mortality rate of 16% (31/190) and an annual mortality

rate of 3.4.1% in those subjects who were not treated with surgery. Twenty-

six of the 3 ' deaths were sudden.

Dividing 3',bjects with hypertrophic cardiomyopathy into those "with

obstructiop" and those "without obstruction" is an unrealistic classification

because the gradient is often quite variable, the methods of determining the

extent of obstruction are not always reliable, and because there is a high risk

of sudden une?.pected death whether or not obstruction is present.

Beta adrenergic receptor blockade has improved symptoms of dyspnea and

chest pain but has not provided an improvement in the treatment of

arrhythmia. 3 0  Likewise, verapamil has not been effective in treating

cardiac arrhythmias.31 The only drug that has consistently helped

arrhythmia is amiodarone, 3 1 and that drug is not yet available in the US.

Surgery has been helpful in improving the outflow tract gradient in many

individuals and has improved their symptoms at a variable range of operative

riskZg9,3Z'34 However, even in the surgical "successes" there has been no

definite improvement in the long-term prognosis. 3 3 ,3 4

o Recommendations for certification

Complete evaluation should include a chest radiograph, ECG, treadmill

exercise test, gated heart pool scan, echocazdiogram, 24-hour ambulatory

* ECG, and left heart catheterization with left ventriculogram.
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All applicants with definite hypertrophic cardiomyopathy should be denied

* certification.

All applicants with probable hypertrophic cardiomyopathy should also be

denied certification. This recommendation is made because of the high risk

of sudden death in hypertrophic cardiomyopathy and because individuals in

this category have many of the clinical, echocardiographic and angiographic

findings that are highly suggestive of the disease.

Special issuance may be made only if findings become less convincing and

the person then qualified for the category of 'uncertain" diagnosis of

hypertrophic cardiomyopathy.

An individual in the "uncertain" category should be denied initially antil a

complete cardiac evaluation can be made. It should include a chest

radiograph, ECG, treadmill exercise test, gated h-art pool scan,

echocardiogram, 48-hour ambulatory ECG, and left heart catheterization

and left ventriculogram. If the diagnosis of definite or probable

hypertrophic cardiomyopathy cannot be established, a certificate may be

issued but the applicant should be re-evaluated every two years with a chest

radiograph, ECG, treadmill exercise test, echocardiogra.m, and 48-hour

ambulatory ECG.

Subjects with definite or probable hypertrophic cardiomyopathy who have

had any of the forms of medical or surgical therapy should not be issued

certificates on the basis of any expected improvement in their cardiac
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status. None of the forms of therapy currently available have had any effect

on improving survival rates and those subjects are still subject to sudden and

unexpected death.

I
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Pericardial Diseases

Introduction

Acute and chronic diseases of the pericardium are being recognized more

frequently than before, mainly because echocardiography now provides a more accurate

diagnosis. Persons with pericardial disease are at risk for sudden incapacitation because

of pericardial tamponade, chest pain, arrhythmias, and reduced cardiac output. It is for

these reasons that diseases of the pericardium are important to aviation safety.

Acute Pericarditi

Acute pericarditis is an inflammation of the visceral and/or parietal

pericardium. It has numerous causes, and the natural history of the pericarditis depends

to a great extent on the specific etiologic factor.

o Etiology

The etiologies include idiopathic; infectious, either viral, bacterial,

tuberculous, or fungal; acute rheumatic fever; acute myocardial infairction;

uremia; collagen diseases, including rheumatoid arthritis, systemic lupus

erythematosus, or polyarteritis; metastatic tumor; postmyocardial infarction

syndrome; poatpericardiotcmy syrArome; myxedema; radiation, and trauma.

The idiopathic and viral forms of pericarditis are quite similar. They are

independent of any other underlying process and these types of pericarditis

are the most common in aviation personnel. Chest pain, cardiac arrhythmia,

and pericardial tamponade are all serious effects that occur frequently with

sudden onset and are potentially disabling. It is for that reason that

pericarditis is a hazard to aviation safety.
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The diagnosis should be established with a complete evaluation including a

chest radiograph, ECG and echocardiogram.

0 Recommendations for certification

Applicants for all classes who have acute pericarditis should be denied

certification. Follow-up evaluation is required, including a chest radiograph,

ECG, echocardiogram, and 24-hour ambulatory ECG for arrhythmia. Special

issuance may be granted when all symptoms and signs have cleared and when

there is no echocardiographic evidence of pericardial effusion or ECG

evidence of serious arrhythmia.

Acute pericarditis frequently recurs3 5 and for that reason it has been called

chronic relapsing pericarditis. Therefore, follow-up evaluation is required at

one year after the initial episode and should include a chest radiograph,

ECG, echocardiogram and Z4-hour ambulatory ECG for arrhythmia.

Ocxroni Constrictive Pewicarditin

Constrictive pericarditis may be idiopathic or due to viral pericarditis,

hemopericardium, tuberculosis, cardiac surgery, and, rarely, uremic pericarditis.

Cardiac restriction is caused either by marked thickening of the pericardium,

dense scarring of the. pericardium with pericardial sac obliteration, or by calcification of

the pericardium. The pathologic process commonly extends into the royocardium,

occasionally causing a decrease in myocardial contractility, 36 but the major fault in

constrictive pericarditis is imnpairmnent of diastolic filling of the ventricles. 37 Right and

left ventricular diastaiic pressures are elevated, leading to elevation of mean atrial

%,• pressures and congestion in both the systemic and pulmonary veins. However, the major
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physical findings are related to systemic venous congestion; namely, cervical venous

distention, hepatosplenomegaly, and leg edema. 3 8 Cardiac output is limited and cardiac

arrhythmias, particularly atrial arrhythmias, are frequent, thereby placing pilots at risk

for sudden incapacitation.

o Recommendations for certification

Applicants with constrictive pe.icarditis in all cla.sses should be denied

certification. Special issuances should not be considered unless there has

been successful surgical resection of the pericardium. In such cases, follow-

up evaluation is required with chest radiography, EGG, treadmill exercise

test, gated heart pool scan at rest and with exercise, echocardiogram, Z4-

hour ambulatory ECG, and right heart catheterization. Certification should

be allowed if the following criteria are met: 1) intracardlac pressures are

normal or only mildly elevated; Z) the ejection fraction is normal or near

normal; 3) the ejection fraction does not diminish with exercise and; 4) no

significant arrhythmias occur on treadmill exercise test and Z4-hour

ambulatory ECG.

Follow-•up re-evaluations should occur annually. Although right heart

catheterization need not be repeated annually, alD of the other tests should

be done.
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Vaivular Heart Dktase

Geaerl Csidera ..

Any applicant who has a heart murmur other -n innocent pulmonary ejection

murmur or functional left heart ejection (outflow) murmur as described below should

have a two dimensional and M-mode echocardiogram and an evaluation by a board-

certified cardiologist or internist.1-4

Murmurs occurring in the absence of cardiac disease, that is, innocent or

functional murmur, must be distinguished from thoae due to organic disease. The final

determination that a murmur is innocent depends upon the absolute exclusion of any

cardiac abnormality, and this may not always be possible. Absence of radiographic,

electrocardiographic and echocardiographic abnormalities, while not absolute proof of

the functional nature of the murmur, are important corraborative findings.

A2" The innocent pulmonary ejection murmur is Liually short and is due to an

incre,.sed flow or enhanced audibility of turbulent flow in the pulmonary outflow tract.

Such a murmur is usually found in young individuals or in persons with conditions like

pectus excavatutn or the straightback syndrome. Since the murmur is similai to that of

mild pulhlonary valve stenosis and atrial septal defect, normal splitting of the second

heart s&ourd is an important feature of the innocent murmur. If the applicant has no

symptoms and if the chest radiograph and electrocardiogram are normal, this murmur

should rot disqualify an applicant. if there is any question about the etiology of the

murmur, a two dimensional and M-mode echocardiogram should be performed, and if it is

normal, a certificate should be issued.

The functional left heart ejection murtaur is also characterized by its early timing

in systole, by the absence of an ejection click, and by a normal electrocardiogram and

chest radiograph. The murmur may also be heard at the cardiac apex.

Diastolic murmurs never occur in the normal heart. Two dimensional and M-mode
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echocardiography should be performed to exclude aortic leaflet eccentricity or

thickening and organic causes of the murmur, such as hypertrophic cardiomyopathy or

aortic valv• lar stenosis. If th- two-dimensional and M-mode echocardiogram (and

Doppler evaluation, if available) are normal, in addition to a normal cnest radiograph and

electrocardiogram, this murmur would riot disqualify an asymptomatic applicant.

Detection of valwalar heart disease is dependent upon the competence of the

physician conducting thc physical examination. Persons with suspected valvular

abn,,rmalities should be evaluated more completely by a consultant in cardiology. The

clinical evaluation should include a careful history tu, both rheumatic feveri. and other

conditions knuwn to cause valvular heart disease (Table 1). The history should seek a

past knowledge of cardiac murmurs, pa.itation, cardiac rhythm disturbances, syncopel

episodes of transi<.nt cerebral icber- . and symptoms of angina, dyspnea, effort fatigue,

paroxysmal dyspnea, and hemoptyb is. The physical examination shou'i include

measurement of the blood pressure in bozh arms, x--.-ation of the J'.,-ular vein and

peripheral arterial pulsations, and carefui inspection, palpation, and auscultation of the

heart. The cardiac examination should be made with the patient in the supine, sitting

and left semi-decubitus positions. The examining clinician should be prepared to

evaluate the effects of exercise, position changes, and the Valsalva manetver if systolic

murmurs suggesting organic origin are pr-sent at the base or apex of the heart.

Screening noninvasive studies •hould include a postero-anterior and left lateral

chest radiograph and a l2-lead electrocardiogram. If palpitation or cardiac irregularities

are suggested by the history or examination, a Z4-hour Holter electrocardiographic

monitoring procedure should be performed. Standard graded Ureadmill exercise testing

may be advisable in selected jdients with valvular heart disease. This is particularly

true if there is a history suggesting angina pectoris or concern about the functional

capacity of the individual. The study may also be useful in persons with a history of

ca'.'d'ac arrhythmias. -77
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S* Echocardiography has become the single most important noninvasive study. It is

particularly valuable in supporting the diagnosis of mitral valve stenosis, mitral valve

* prolapse, hypertrophic cardiomyopathy, aortic valve disease, some types of mitral valve

incompetence, and tumors of the heart. In addition, it gives an accurate estimate of

chamber size, wall thickness, and ventricular function. The echocardiographic study

should include both M-mode and two-dimensional procedures. Doppler evaluation, in

addition, gives valuable information regarding gradients and regurgitant fractions.

Phonocardiography is commonly combined with echocardiography and is useful in

accurately showing the relationship of abnormal sounds to the heart sounds, as well as

documenting the audible murmurs. Radionuclide studies are valuable in assessing left

ventricular function in persons with aortic and mitral valve regurgitation.

Invasive examinations such as cardiac catheterization and angiography, including

corunary angiography, may occasionally be indicated. The addition of two-dimensional

echocardiography with Doppler studies has significantly reduced the indications and need

for cardiac catheterization in thu evaluation of valvular heart disease. The need to
•\.

"evaluate the coronary arteries in the presence of valvular heart disease is now one of the

most important and common reasons for doing cardiac catheterization with

ventriculography and coronary arteriography.

Complications of Vahvular Heart Disease

i 'he risk of these disorders constitutes the basis for disqualification. Infective

endocarditis can compl.-cate any valvular lesion with the possible exception of mitral

stenosis. The most serious complications of valvular disease are cardiac decompensation

secondary to destruction of valvular tissue, valvular insufficiency, and systemic emboli.

Ca-diac decompensdtion and acute pulmonary edema may be precipitated in

individuals with valvular disease by unusual physical or emotional stresses or the onset of

supraventricular tachycardia.
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Systemic embolization occurs most often in the presence of mitral stenosis,

having been noted in 10% to 20% of persons with this lesion. It most often occurs in the

presence of a significantly enlarged left atrium and chronic atrial fibrillation, but

occasionally it is noted with only minor degrees of obstruction and no recognized or

sustained atrial fibrillation.

Atrial arrhythmias are most likely to occur with mitral valve disease because of

its effect on left atrial anatomy and function. However, they are not uncommon in

persons with aortic valve disease. The sudden onset of supraventricular tachycardia

could lead to syncope or an inability to perform all airman tasks properly. Ventricular

arrhythmias are associated with myocardial ischemia, and may occur with severe aortic

stenosis. They also may be noted in association with the mitral valve prolapse

syndrome. When ventr cular ectopy is advanced, it may lead to near-syncope or syncope.

Myxomatous valvular degeneration, which occurs in Marfan's syndrome and in

some cases of the mitral valve prolapse syndrome, may be associated with valve or

chordal rupture leading to acute cardiac decompensation.

Acute aortic dissection with associated acute aortic valve incompetence, acute

coronary insuff.'i- t.cy, cerebral ischemia, and aortic rupture, is a significant

complication of certain hereditary connective tissue disorders, such as Marfan's

syndrome. Careful follow-up is indicated in persons with these disorders despite the

apparent absence of any cardiovascular abnormalities.

Mitral Stenosim

The classic history of mitral stenosis is for ausculatory evidence of the disease

first to be noted about one decade after an acute attack of rheumatic fever. Another
.e'ý
N -decade passes before the onset of symptoms, and another decade before the onset of

disabling symptoms.- The disease has become less frequent, and this classic pattern is

seen less often; a milder form is now seen in older persons. The valve area must be
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reduced by one-half before symptoms nQrmally develop. Asymptomatic individuals may

develop acute pulmonary edema with the onset of arrial fibrillation, however. Atrial

fibrillation becomes chronic in over 50% of patients with mitral stenosis. 8 Occasionally

a systemic embolus is the first sign of the disease. Ten percent to 20% of persons with

mitral stenosis, including those with mild disease, will develop systemic emboli. 9 Since

the rheumatic process tends to be progressive and since the valve area is usually reduced

by 50% or more before the diagnosis is made clinically, iersons with this diagnosis, even

though they are asymptomatic and have no history of surgery, should usually be

disqualified. The rare individual with congenital mitral stenosis must meet the same

standards as the individual with rheumatic mitral stenosis.

A person who may be considered for special issuance is an asymptomatic

individual who has mild disease, as evidenced by an A2 -opening snap interval of 10

seconds or more, and a presystolic and short mid-diastolic murmur on physical

examination; who has mild orifice reduction, pliable valve, and slight left atrial

enlargement on echocardiography; and who performs a good stress test, and has normal

sinus rhythm and no significant arrhythmia. Rarely, such a person may need an exercise

study with the determination of wedge and pulmonary artery pressure. Another person

who may be considered for special issuance is an individval who has had a successful

mitral valvotomy, who is asymptomatic and has a normal sinus rhythm, no significant

mitral regurgitation, and no postoperative atrial thrombi. The echocardiogram should

show only mild mitral valve narrowing and thickening and no more than mild left atrial

enlargement. The stress test must show normal exercise tolerance and the Holter study

no significant arrhythmia. Follow-up should be yearly with cardiovascular evaluation,
echocardiography, stress test, and Holter study.

Z,3 Class I and II airmen may be considered for special issuance especially if they

perform airman duties in situations in which there is crew redundancy.
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Mitral Regurgitation

While mitral stenosis is almost invariably due to rheumatic fever, mitral

regurgitation has a host of etiologies, which are usually grouped under four primary

headings.1 0 The first is disorders of the leaflets, These may be due to disease processes,

such as rheumatic fever, infective endocarditis, trauma, and spontaneous rupture;

abnormalities in development, such as clefts, redundant valves, or anomalous

attachments of the leaflet; and defects in the connective tissue, such as occurs in

Hurler's, Marfan's and Ehlers-Danlos syndromes. The second main heading is that of

disorders of the annulus, which may be due to dilatation, calcification, destruction from

infection, and disruption of the ring from prosthetic valves. The third major heading is

disorders of the chordae tendineae, including rupture, which is most often idiopathic, but

which may be due to infective endocarditis, trauma, Marfan's syndrome, and myocardial

infarction. Thickened chordae occur in some congenital mitral valve problems of the

atrioventricular cushion type, and also with a hypoplastic left ventricle. Occasionally

the chordae become elongated, leading to mitral regurgitation. Chordae may also arise

from unusual locations. The fourth major heading is disorders of the papillary muscle.

This includes dysfunction or rupture from myocardial infarction, abscess, trauma,

malalignment, and congenital abnormalities.

The degree of regurgitation depends on the size of the regurgitant orifice and the

gradient of pressure between the left ventricle and left atrium. Both the size of the

orifice and the gradient are labile.

In persons with rheumatic mitral regurgitation, the interval between rheumatic

fever and symptoms of regurgitation is longer than with mitral stenosis, often exceeding

two decades. Other differences are that the incidence of pulmonary edema is lower and

hemoptysis and systemic emboli are much less common than with mitral stenosis.11

Persons with mild mitral regurgitation may remain asymptomatic forever.1 2  The
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majority with the rheumatic type will have only mild impairment unless there is a

complication of recurrent acute rheumatic fever, infective endocarditis or ruptured

chordae. 12  The natural history will vary considerably depending on the underlying

etiology, the volume of regurgitation, and the state of the myocardium. While there is

no progression in many individuals, severe regurgitation may result from infective

endocarditis or ruptured chordae tendineae. Progression is also more rapid when the

disorder is due to connective tissue disease, such as Marfan's syndrome. In one

unselected group of patients with mitral regurgitation treated medically from the time

of diagnosis, 80% were alive after five years and 60% after 10 years. With severe

regurgitation, however, the five-year survival rate is less than 50%.

Therefore, we recommend that all individuals with severe mitral regurgitation and

S• most individuals witlh moderately severe mitral regurgitation should be disqualified.

Since mild and occasionally moderate mitral regurgitation, usually of rheumatic

"( origin, has an excellent prognosis, a person with this lesion may be qualified for flying.

Such a person should be asymptomatic and have only a grade- 3/6 apical systolic

murmur. A third heart sound may be present, but there must be no diastolic murmur.

The radiograph should show no more than slight cardiac' enlargement and no more than

slight enlargement of the left atrium by echocardiography. Echocardiography or a left

ventricular angiogram should show normal left ventricular function and no evidence of

mitral stenosis. The electrocardiogram should show no more than minor atrial

abnormalities. A maximal graded treadmill test should produce no significant arrhythmia

{ and no decrease in exercise tolerance. In rare instances hemodynamic studies may be

necessary to establish the modest degree of mitral regurgitation. If so, these should

show normal pressures and the ventriculogram should disclose no more than Z+ mitral

regurgitation. Follow-up examinations should be yearly, with a cardiovascular

evaluation, echocardiogram, stress test, and Holter study.

Class I and I1 airmen may be considered for special issuance especially if they
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perform airman duties in situations in which there is crew redundancy. A

Mitral Valve Prolapse

This represents a spectrum of disorders from simple, mild redundancy of the

mitral leaflet to a severe degree of valve prolapse that is often associated with

myxomatous changes in the valve tissue. 14 '1 5 In the majority of instances, mitral valve

prolapse is characterized by a mid-systolic crescendo murmur, which may have to be

elicited by causing variations in ventricular volume. In the majority of persons with this

syndrome who are asymptomatic and have a normal cardiac silhouette and

echocardiogram (except for the redundancy of the mitral valve leaflets), no treatment

except prophylaxis for infective endocarditis is indicated and there is no contraindication

to flying. 16 In those persons with more serious mitral valve prolapse, and consequently

more significant mitral valve regurgitation, the same criteria apply as with mitral

regurgitation. 
17

Therefore, we recommend that persons who are asymptomatic, whe on physical

examination are found to have only a systolic click or a click and a late apical systolic

murmur, who on echocardiogram have mild to moderate prolapse of the leaflets with no

associated abnormalities, and who have no significant arrhythmias on Holter monitoring,

should be certified. Follow-up examinations should occur yearly with a cardiovascular

evaluation, stress test and Holter monitoring; the echocardiograr should be repeated

every three years.

Class I and HI airmen may be considered for special issuance especially if they

perform airman duties in situations in which there is crew redundancy.

Those persons with significant and complex atrial and ventricular arrhythmias

should be evaluated as other individuals with arrhythmias. A very small number of

persons, especially those with a family history of significant mitral disease, have the

potential for sudden death. These persons should be disqualified. Those individuals with
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mitral valve prolapse syndrome who are asymptomatic but who have ST segment

depression and T wave inversion on resting ECG, and who have a normal thallium

perfusion study or radionuclide stress test (,AUGA), should not be disqualified, but should

have an annual re-evaluation.

Mitral VaIvuloplasty

Occasional pilots may be considered for special issuance. They should be

asymptomatic, have a normal sinus rhythm, have no more than slight cardiomegaly and

left atrial enlargement, normal left ventricular function by echocardiogram, a normal

stress test, and no significant arrhythmia by Holter monitoring.

Follow-up evaluation should be yearly, with a cardiovascular evaluation, normal

"stress test and no significant arrhythmia by Holter monitoring; echocardiography should

be done every three years.

Class I and II airmen may be considered for special issuance especially if they

peform airman duties in situations in which there is crew redundancy.

Tisue Valves

The development of tissue valve replacements in the past decade has resulted in a

decrease in the incidence of thromboembolic complications compared with mechanical

valve prostheses, but the durability of the tissue valve seems to be less than that of

mechanical prostheses. 18 The majority of thromboembolic episodes with tissue valves in

the mitral position occur in the first 6 to 1Z weeks following surgery, and consequently,

anticoagulant treatment is recommended during this period. 19  The anticoagulant is

*! discontinued unless there are persisting thrombogenic factors not related to the

prosthesis, such as atb-ial fibrillation, a markedly dilated left atrium, a calcified left

atrial wall, a postoperative thromboebolic event, or a clot present in the atrium at the

time of operation.Z0 If any of these additional thrombogenic factors are present, the
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person should be on chronic anticoagulant treatment. Despite anticoagulant treatment,

the incidence of postoperative systemic emboli with the porcine valve in the mitral

position is three times as high in persons with concomitant atrial fibrillation as in those

with normal sinus rhythm.

We recommend that, in view of these problems, most persons with tissue valves

should be excluded from piloting.

A possible exception is an individual who L- asymptomatic, has normal sinus

rhythm, and is free of evidence of significant mitral regurgitation or valve obstruction.

In addition, the cardiac silhouette should not be significantly enlarged on the chest

radiograph. There must be no anticoagulant treatm'nt and no history of thromembolic

complications. Consideration for approval would be deferred until one year after the

operation. Evaluation would include a cardiovascular evaluation, Holter monitoring,

treadmill stress test, and echocardiography. Follow-up should be yearly with all the

above studies.

Aortic Stenoab

Aortic stenosis may be congenital or acquired, and the latter is usually due to

rheumatic fever.

Minimal Aortic Valsular Steuosb or Sclerosb

Airmen discovered to have minimal aortic valve stenosis or sclerosis can be

considered for certification if they are asymptomatic and have no evidence of significant

outflow tract obstruction on physical examination. That is, the applicant has a short

systolic murmur of grade 3/6 of le-.s, a normal carotid upstroke, no palpable fourth heart

sound, and no left ventricular hypertrophy on physical examination, electrocardiography,

or chest radiograph. A graded submaximal treadmill test should be normal. Occasionally

persons with a high pressure gradient due to a small valve area can present with a normal
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electrocardiogram and physical findings suggesting mild aortic valvular stenosis. Two-

dimensional, M-mode and Doppler echocardiography are invaluable in the assessment of

the severity of aortic valvular stenosis. Cardiac catheterization would ordinarily not be

necessary in the asymptomatic pilot when all other studies indicate that the left

ventricular-aortic gradient would be mild, that is, less than Z0 mm Hg. If the

echocardiographic study is equivocal, cardiac catheterization studies should be

performed. The left ventricular-aortic systolic &radient should be less than Z0 mm Hg at

rest with a normal cardiac index and a normal left ventricular end-diastolic pressure of

1Z mm Hg. If chest pain is a symptom, coronary arteriography should be done and should

reveal no more than minor luminal irregularities.

Therefore, we recommend that persons with minimal aortic valve sclerosis or

stenosis may be certified. Yearly re-evaluation is mandatory, since the rate of

progression of this dease is not well documented. 2 1

Mild Amwtic Vavunlar Stenoz

For Class tII applicants with mild aortic valve stenosis, certification should be

given if: 1) based on cardiac catheterization or Doppler echocardiographic studies the

left ventricular-aortic gradient is less than 40 mm Hg at rest with a normal cardiac

index; Z) the chest radiograph and resting electrocardiogram show no significant left

ventricular hypertrophy or ST segment or T wave changes; 3) left ventricular function is

normal on two dimensional and M-mode echocardiography; 4) a near normal maxitual

graded treadmill test shows no significant arrhythmias or si.nificant ST segmen t

changes, and the predicted heart rate response and level of exercise are withir not c

limits for the person's age; and 5) Z4-hour Holter monitoring also shows no C,.

arrhythmias. An annual cardiovascular evaluation w•uId be necessary for re

certificate. There should be no evidence of clinical change on re.,,, . y

," ,. examination. If clinical change is noted, cardiac catheterizatioi. ,,pler
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echocardiographic studies would be indicated.

We recommend that Clas. T or Class II certificates generally should not be issued

to applicants with mild aortic valvular ftenosis, but could be granted by a special

issuance with regular follow-up, especially if these pilots perform their duties as airmen

in situations in which there is crew redundancy.

Moderate or Sevese Aortic Valve Stenoisk

This is defined by a restiDS left ventricular-aortic gradient of 40 mm Hg or

greater, with a normal cardiac index. There is abundant evidence of a poor prognosis for

symptomatic individuals with severe or moderately severe aortic valve stenosis. 3,Z2sZ 3

These individuals are usually candidates for valve replacement, and sudden death is

highest in the group that has symptoms.zz The time from appearance of symptoms to

death is usually short. The asymptomatic person with severe aortic stenosis also has a

poor prognosis and is also subject to sudden death.

We recommend that all pilot applicant; with moderate or severe aortic stenosis

should be disqualified.

Aortic VaIvular Regurgitation

Aortic valvular regurgitation can be either congenital or acquired, and the

etiology should be identified because of differences in prognosis. Congenital causes may

be associated with other lesions, such as- coarctation of the aorta, a patent ductu5

arteriosus or a ventricular septal defect. Acquired causes incluzie rheumatic fever,

syphilis, dissecting aneurysm, bacterial endocarditis, hypertension, cystic medial

necrosis, connective tissue disorders such as Marfan's or Elhlers-Danlos syndrome, and

rheumatoid spondylitis.
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Mild Aortic VaIvular Regurgitation

Persons with mild aortic valvular regurgitation may be considered qualified when

they are asymptomatic and have had a normal cardiovascular evaluation, which

includes: 1) a normal blood pressure, that is, a pulse pressure equal to or less than 55 mm

Hg and a diastolic pressure equal to or greater than 65 mm Hg; 2) a normal chest

radiograph and electrocardiogram with no evidence of cardiac enlargement; 3) a normal

graded submaximal treadmill test to 90% of the predicted heart rate, or which is

symptom limited; 4) a two-dimensional echocardiographic study that excludes

disproportionate aortic root dilatation. (If disease of the aortic root is suspected, an

aortogram may be necessary. Diseases of the aortic root due to connective tissue

disorders such as Marfan's or Ehlers-Danlos syndromes, thoracic dissection or cystic

medial necrosis have a poor and unpredictable prognosis and should be disqualified); 5)

hemodynamic studies that may be required to confirm the mild nature of the aortic valve

regurgitation in some instances. These studies should demonstrate normal intracard'.ac

pressures, defined as a mean pulmonary artery pressure of 20 mm Hg, a mean pulmonary

arteaial wedge pressure of 15 mm Hg or less, and a left ventricular end-disatolic pressure

of 15 mm Hg or less; and an absence of a left ventricular-aortic valve gradient both at

rest and on supine exercise. An aortogram should reveal 7+ or less regurgitation or a

regurgitant fraction of less than 25% of the left ventricular stroke volume.

Therefore, we recommend that approval for certification way be granted to

%.'•; •applicaiits with mild aortic valvular regurgitation if there are no other disqualifying

factors; regular follow-up examination should be required.

Moderate Aortic Valmlar Regurgittima

Applicants with moderate aortic valve regurgitation, that is indivi"uals who have

slight cardioruegaly and no symptoms, may be con-.idered for Cass l certi.•::-t it'
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electrical stability is confirmed on an electrocardiogram and if a radionuclide angiogram

or two-dimensional sector echocardiogram shows a normal ejection fraction and no

significant decrease in the ejection fraction with exercise. A near maximal graded

treadmill test should demonstrate a normal exercise tolerance with a normal heart rate

response for the applicant's age. If the certificate is granted, an annual examination is

required to document a stable clinical course. Class I or II airmen may be considered for

special issuance especially if they perform airman duties in situations in which there is

crew redundancy.

Severe Aortic Vahiular Regurgtation

All persons should be permanently disqualified for all classes of certification. 2 4

Aortic Stemmis with Aortic Regurgitatim

Persons with both aortic stenoris and aortic regurgitation should be disqualified

unless they qualify under the separate criteria for aortic stenosis and aortic

regurgitation.

Combined Valvular Lesi

Persons with mitral stenosis combined with aortic utenosis or aortic insufficiency,

or mitral regurgitation combined with aortic stenosis cr aortic regurgitation, should be

disqualified unlesa they qualify under the separate criteria for each vaivular disorder.

Other Acquired Val"i Diweae

Tricuspid tenosis and tricuspid regurgitatioti of rheumatic origin are almost

always a.ssociated with mitral or aortic valve disease, or both, and ar disqualifying.

Occasionally, tricuspid regurgitation of nonrheu matic origin that is secondary to trauma

or infectious endocar-fitis is mild and the person has a normal-sized heart and a normal

V-

IV - 276



. systemic venous pressure. Persons with this condition have an excellent prognosis and

are qualified for flight certification after the findings are confirmed by a cardiovascular

consultant.

Pulmonic valve insufficiency and tricuspid valve insufficiency that are secondary

to pulmonary hypertension are disqualifying.

Mechanical Heart Valves

Valve replacement has proven auccessful in improving well being and exercise

tolerance, as well as in prolonging life.2 5- 2 7 However, the complications and problems

of valve replacement continue to be a major concern. Long-term studies have shown a

31% mortality in the first three years following airtic valve replacement and a 15%

mortality in the first year following mitral valve replacement. 2 6 The most common

modes of death are sudden death after aortic valve replacement and cardiac failure

following mitral valve replacement.Z6 In a 15-year follow-up 44% of patients with aortic

valve replacement and 48% of patients with a mechanical mitral valve replacement had

16

experienced a thromboembolic event;- thus, thromboembolism remains a persistent

problem in patients with mechanical heart valves, occurring at a rate of 1.5-2.0% per

1,

year.Z5 tn addition, there are reports of strut fractures and other late structural

compli cations.

Therefore, we recommead that all applicants witz. a mechanical artificial valve of

any type are disqualified to pi!ot aircraft.

summary

We are recommending four cha-tges from the dethesda Conference of 1975:.' 1)
4.

the majority of persons with tissue artificial valves should be disqualified, but certain

exception with tissue valves could be made by special issuance. T1he First UnitedE ~ .\ Kingiom Workshop in Aviation Cardiology recommended the certification of certain
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applicants with a homograft valve replacement.Z 2) Most applicants with mitral valve

stenosis should be disqixalified. Ui.. 3ual exceptions may be made, such as mild mitral

valve stLnosis and after valvotomy. 3) Applicants who have had successful valvuloplasty

for mitral regurgitation may be certified if there are no other disqualifying factors. 4)

Follow-up periodic re-evaluations for recertification are mandatory for all pilots with

demonstrated valvular disorders.

Four other recommended changes deviate from both the Bethesda Conference and

the United Kingdom Workshop: 1) Class I and II applicants with mild aortic valve stenosis

"(defined as Z0 to 40 mm Hg left qentricular-aortic systolic gradient) may be qualified by

special issuance if there is crew redundancy; Z) Class I and 11 applicants with moderate

aortic valve insufficiency may be certified it' there is crew redundancy; 3) applicants

with moderate mitral regurgitation may be qualified by special issuance; and 4) pilots

with mitral valve pro-apse may be certified in most instances, providing they have no

sign•.ficant arrhythmias and they have no other contreindications related to their mitral

regurgitation.

There is one recommended chaa-ge froyr the United Kingdom Workshop which

agrees with the Bethasda recommendations: applicants with mild mitral regurgitation

may be qualified by special isuaLxce. The United Kingdom WNorkshop has stricter

qualifications if the etiology is related to rheumatic heart disease or coronary artery

disease. Th.ere have been no recommeudtd changes from the previous Bethesda

COneeronce in certsin categories: 1) person with any murmur other than an innocent or

-Linctional mrrurmur should have a cardiovascular consultation and periodic follow-up

examinations. Z) Persons with minimal aortic valve sclerosis or stenosis way be
certified. 3) Moderate or severe aortic stenosi, is a disqualifying condition. 4) Severe

.aortic and mitral valve regurgitatloo are disqualifying disorders. 5) Diseas.es of the

aortic root are a disqualifyikg disorder. 6) Applicants with meclianical heart valves

should be dmqualified.
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Table 1

Classification of Causes of Valvular Heart Disease

Congenital

Rheumatic

Infectious

Syphilitic

Infective endocarditis

Trarimatic

IIeritable disorders, such as Marfan's syndrome

Tumors (myro ma)

Rheumatoid arthritis and ankylosing spondylitis

Carcinoid heart disease, right and left valvular lesions

Degenerative

Calcified aortic stenosis

Degenerative and inflauimatory lesion3 of the root with secondary aortic

regurgitation

Mitral valve prolapse

Ruptured chordae tendineae (multiple causes)

Hypertrophic cardiomyopathy
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Congenital Heart Disease

Introduction

The following recommendations for applicants for medical certification as pilots

are based on what is known about the natural history of congenital heart disease and

about the long-term follow-up of post-operative patients. Regrettably, there are few

specific data available about the risk of sudden death or incapacitation. This is true

whether a defect has been corrected surgically or not. Since 1954 both early and late

mortality results of surgery for congenital heart disease have steadily improved. 1 In

addition, there are data to indicate that the older a person is at the time of surgical

correction, the greater the chance of a late complication. This has been demonstrated

for coarctation of the aorta,2 tetralogy of Fallot, 3 and atrial septal defect. 4 Therefore

it is difficult to make categorical judgments regarding the suitablity of individuals for

.pilot certification who have had heart disease or who have had surgical correction of a

heart defect.

Success in the operative treatment of congential heart disease, with resulting

increased longevity, will undoubtedly result in increasing nnmbers of persons with

congenital heart disease who apply for fligh" utdning. It is hoped that applicants

suspected of having congenital cardiovascular disease will be identified and evaluated

prior to entry into pilot training. Therefore, the question of recertificaý.ion of airmen

with congenital heart dtsease will depend upon serial evaluation of existing residua. For

this reason, it is particularly important that initial screening be completed by a physician

who Xs knowledgeable in the field of cardiovasculax disease.

Diagnosic Evaluation

The presence of congenital heart disease should not automatically disqualify

applicants as medically unfit for pilot certification. This decision should be based on the
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specific anatomic diagnosis and its severity and whether the condition has or has not

been treated surgically. The decision for certification should consider not only the

applicant's present status but also the possibility of late onset of functional

derangements or impairment. These judgments may be modified as more data become

available on postoperative patients. 5 When initial screening by an AME suggests the

presence of a congenital cardiac anomaly, the applicant should be referred for further

cardiac evaluation. The definitive diagnosis of the condition and its severity should be

established by a cardiologist expert in the field of congenital heart disease. This

evaluation should utilize appropriate noninvasive as well as invasive techniques.

The following noninvasive studies should be carried out in every applicant

suspected of having congenital heart disease: 1) a complete history and physical

examination; 2) a 12-lead electrocardiogram; and 3) a routine chest radiograph. If these

procedures suggest the presence of a congenital heart defect, two-dimensional

echocardiography should also be done. In those persons considered at risk for the

development of arrhythmia, continuous electrocardiographic monitoring at rest and

during exercise should be carried out, Stress testing is useful in most cases of significant

congenital heart disease. Individuals who have had open heart surgery should have stress

testing in order to evaluate cardiac function and in order to elicit cardiac rhythm

Sdisturbances. Intracardiac electrophysiolog'c studies may be necessary to evaluate

certain conditions properly. In selected cases, hemodynamic studies with contrast

visualization should be performed.

R-commendatioa3

Applicants for certification are likely to be those with wild forms of congenital

heart disease for whom surgery is not indicated or in whom the condition has

spontaneously resolved, -such a3 spontaneous closure of a ventricular septal defect. Also,

those persons who previously have had surgical repair of a malformation may apply for
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pilot training. Persons with more significant congenital heart disease are not likely to

apply for a Class I or Class II certificate but might, nevertheless, apply for a Class M

certificate. Persons with uncorrected cyanotic congenital heart disease should not be

qualified for any class because of their already compromised oxygen cor'centration.

Altitude would rurtler decrease aeterial oxygen tension, placing the individual at risk to

the effects of hypoxemia. Similarly, individuals with pulmonary hypertension should not

be certified. By decreasing arterial oxygen tension, altitude will cause increased

pulmor.ary resistance and further raise pulmonary arterial pressure. Such individuals

would be at risk to right heart failure and even sudden death. 6

Me presence of an isolated, small, left-to-right shunt, defined as a pulmonary-to-

systemic flow ratio of less than 1.511, should not disqualify an individual for

certification, whether this shunt is at the atrial or ventricular level. Such individuals

will have normal electrocardiograms, normal heart size on chest radiograph, and no

evidence of increased pulmonary artery pressure. Risk of a sudden incapacitating event

due to the presence of such a heart defect is almost nonexistent. 7

In general, the presence of prosthetic devices, such as right ventricle-to-

pulmonary artery conduits, or artificial valves, are considered disqualifying because of

the substantial risk of complications. 8 Prosthetic materi. per se is not disqualifying.

For example, many persons with coarctation of the aorta undergo repair with Dacron

patch grafts. Surgical closure of a ventricular septal defect usually includes a material

patch. In both instances, the results of surgery, not the presence of prosthetic material,

should determine eligibility for flying status.

Criteria for evaluating applicants for all classes of airman with the following

Y. common congenital cardiovascular anomalies should serve as guidelines for assessing all

forms of congenital heart disease. For postoperative applicants, a minimal waiting

period of one year following surgery is recommended to permit clinical and hemuoynamic

evaluation of results.
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Minimal Aortic Valvular Stenosh

Personnel with a nonstenotic to minimally stenotic aortic valve, including a

bicuspid aortic valve, may be qualified for Class I, II, or MII if they are asymptomatic,

have a systolic murmur of grade 3/6 or less, and have no left ventricular hypertrophy on

phyrical examination, on ECG or on chest radiograph. Two-dimensional and Doppler

echocardiography should show no increase in left ventricular dimensions and no increase

in left ventricular posterior wall or ventricular septal thickness. A graded submaximal

treadmill exercise test should be normal (to 90% of maximal heart rate, or symptom

limited, reached with a normal heart rate response and normal exercise tolerance for the

individual's age). If these studies are equivocal, cardiac catheterization should be

performed. The pressure difference between the left ventricle and aorta should be less

than ZO mm Hg under conditions of normal cardiac output, and left ventricular end-

diastolic pressure should be less than 1Z mm Hg. Persons who meet these cr.-eria have

no increased risk of sudden death or incapacitation.7 However, progression with age is

common and it has been estimated that Z0% of individuals with minimal aortic stenosis

w.U d4evelo- calcification by age 45 years. 9  Therefore, annual cardiovascular

-:xaminations by a specialist would be necessary for renewal of the certificate.

Mild to IMLderate AJ-otic ValvuLar Stenoai

This category is defined by the presence of a pressure difference across the aortic

valve not exceeding 40 mm ng under conditions of normal cardiac output. Although the

risk of sudden death or" incapacity is not great, a small percentage of such persons do die

suddenly, without previous symptoms. 1 0 Claws I and II certificates should ordinarily not

be issued for this category, although special issuance may be considered especially !or

pilots who perform their duties in situations in which there is crew redundancy.
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Personnel may qualify for Class I, II, and III certification if they meet the

following criteria: 1) auscultation should demonstrate a typical systolic murmur and an

aortic ejection click; Z) the resting ECG should show neither left ventricular hypertrophy

nor ST segment or T wave changes; 3) the chest radiograph should demonstrate a normal

heart size, but may show poststenotic dilatation of the ascending aorta as well as mild

left ventricular contour to the heart shape; 4) echocardiography should show normal left

ventricular function; 5) the near maximal graded treadmill exercise test should be

normal, demonstrating neither significant cardiac rhythm disturbances nor ST segment

clanges, and the predicted heart rate response and level of exercise should be within

normal limits for the individual's age; 6) cardiac catheterization should demonstrate a

pressure difference of 40 mm Hg or less across the aortic valve. Doppler

echocardiography may be acceptable to quanxify the pressure difference provided the

examination is done by a physician who is expert in echo-Doppler diagnosis. IU

inconsistencies exist between the Doppler findings and other clinical data,

catheterizatio. should be done. An annual cardiovascular examination by a specialist

would be necessary for renewal of the certificate. If clinical change is noted, repeat

cardiac catheterization or echo-Doppler study would be indicated.

Moderate to Severe Aoitk: Valvular Stenoai

Moderate to severe aortic stenosis is defined a3 a presure difference across the

aortic valve exceeding 40 mm Hg with normal cardiac output. Persons with this disorder

would not qualify for certification because of the recognized risk of sudden death or

incapacity, and because of the recognized risk of progre-Slion of the lesion. 10

Potopemftive Aortic Valve Steno"

Although the results of aortic valvotomy are good, with an operative mortality of

approximately Z%, long-term prognosis remabis guarded. Postopetative sequelae, such as
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* recurrent obstruction, aortic regurgitation, endocarditis, and late sudden death may

affect as many as 50% of such individuals.'1 Therefore, individuals who have been

operated upon for aortic valve stenosi3 ordinarily would not qualify for Class I or H

certificates, although they may quali f- for Class I, H and MII certificates oue year after

aortic valvotomy if they meet the criteria for a minimally stenotic valve as defined

above. In addition, they must not have more than trivial aortic regurgitation.

Subvalvu•a• Aortic Stewwr

N This is defined as discrete, membranous subvalvular aortic stenosis, without

associated valvular abnormalities or secoadary h,.pertrophic cardiomyopathy. Such

individuals may receive Class I, H, and M certificates if the obstruction is trivial as

defined by lack of symptoms, a normal chest radiograph and ECG, no more than trivial

aortic regurgitation, and a pressure difference across the left ventricular outflow tract

r=-4 of less than 20 mm Hg with a normal cardiac output. Following mragical correction,

individuals ordiuarily would not qualify for Class I or II certificates, :gain because of

significant late complications.II Personnel may qualify for Class 1, H and 2i certificates

if one year after au-gery they are asymptomatic, have a normal chest radiegraph and

ECG, normal exercise ECG, no more than trivial aortic regurgitation, and a pressure

difference across the left v~tntricular outflow tract of les- thah 10 mm Hg, with a normal

cardiac output.

Oi~ret S'p~iiaivulaxr Aorti Stenosis

Few data exist for this defect beca;us, it Ls rare. The decision for certification

should be in keeping with recommendations for valvular and subvalvular aortic stenosis

Persots with uncorrocted supravalvular aortic stenosis would not qualify. Following

6urgical correction L,,,divid~aLs may qualify f-r Class 1, U and 1U certificates provided

i they meet the criteria described for per-smis following correction of subvalvular aertic
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stenosis. 1cbi

Atrial Septal Defect

Persons with either an ostium secundum or sinus venosus atrial septal defect way

be qualified for Class L H1 or M1 certification if they are asymptomatic and have cardiac

catheterization findings of normal pulmonary artery pressure, a pulmonary-to-systemic

flow ratio of less than 1.5:1, and no right-to-left shunt. Such individuals have no

increased risk of sudden death or incapacitation.7 Persons who have had surgical

correction of one of these two types of atrial septal defects may be qualified for Class I4

UI, or m certification if they are asymptomatic, have normal physical findings, no cardiac

rhythm disturbance other than respiratory sinus dyshythmia, or occasional atrial or

ventricular ectopic beats, minimal residual chest radiograph or ECG findings, and no

evidence of residual defect by echocardiography. Such individuals have an excellent

prognosis with little evidence to suggest subsequent cardiac deterioration. 12 However,

there are some data indicating that individuals who have had surgical closure after age

11 years have persistent abnormalities of right ventricular functioo. The significance of

these fadings Is at present unknown.lz

Persons with an ostium primum atrial septal defect may be qualified for Class

I4 or MT1 certification if they are asyymptomatic and have cardiac catheterization findings

of normal pulmonary artery pressure, pulmonary-to-systemic flow ratio of less than

1.5:1, .nd no more than trivial mitral regurgitation. Some caution should be exercised

witt, this group, however, as the degree of mitral regurgitation can incre ase with age.

and conduction system diso.•ers may occur.' Annual cardicvascuia" examinations by a

specialist would be necessary for renewal of the certitcate, Following surgical

correction, such individuals way b- qualified for Class L, IL or Mll certification if they are

asymptomatic, h'ave no cardiac rhythm disturbaace, other than respiratory sinus

dysrhythmia or occasional atrial or vearicular r-topic beats, mnLimal residual N
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radiographic or ECG findings, such as the expected left anterior hemiblock pattern, and

have post-operative cardiac catheterization demonstration of normal pulmonary artery

pressure, no significant reaidual left-to-right shunt (pulmonary-to-systemic flow ra:.,'

less than 1.2&1), and no more than trivial mitral regurgitation by angiography or

quantitative norinvasive evaluation.1 2  Individuals with a greater degree of mit- d

regurgitation following surgical correction can qualify for Class MI certification '- t

Class I or IU, if they meet the criteria jtust described. For all such persons, ian-ual

cardiovascular examinations by a specialist would be necessary for rene . al of the

certificate.

Coareta.tion of the Aorta

Persons with uncorrected coarctation of the aorta have a significantly s~ortened

life expectancy, with an average age at death of 35 years.13 Because of the presence of

:•M systemic hypertension, these individuaLs are at risk to develop its complications,

including intracranial hemorrhage, aortic rupture, a:d congestive heart failure. They

may qualify for Clasw I11 and M certificatioa if they 4-e asymptomatic, have a normal

ECG, have normal blood pressur at reu without medication, and have less than a 10 mm

Hg resting systolic pressure difference between the arms ar.d legs. They chould also have

normal treadmill ezercise teas, including a normad blood pressure response. Persons

with a bicuspid aertic valve aust meet the criteria describc-d for this Iesaion as well.

Because each of thewe lesions ca•n be progressive, an annual cariovascular examination

by specialist is necessary for renewal of the certificate.

indwials whose -oarcuation has been correc ted surgically may ýjtiabify for Class

1. 1 or fl certification 'if they are anyriptowatic, have normal blood pressure and a less

than 10 mm HU systolic prewure difference across the coarctatian repair, a normal heart

si:e on chest radiograp., normal resting and exerci-e FCGs, and a normal blood pressure

~ ~response to exercise. Persons with residual systemic hypertension would not qualify
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because of the significant risk of complications, including sudden incapacitation. 1 3 If an

abnormal aortic valve is present, criteria must be met for this lesion also. Some data

exists that suggest that surgical repair of coarctation of the aorta after the age of 1Z

years is associated with a subsequent risk of sudden death or cerebral vascular accident;

these individuals should be evaluated carefully and certified cautiously.

Patient Ductus Arteriomss

Persons with an uncorrected patent ductus arteriosus can qualify for Class I, II or

III certification if they are asymptomatic, have a typical continuous murmur at the left

base, a normal chest radiograph and ECG, and normal left ventricular size and function

on echocardiogram. These individuals have no increased risk of sudden incapacitation. 7

Persons whose ductus has been closed by surgery may qualify for Class It II or MI

certification if the results of the physical examination, ECG and chest radiograph a-e

normal.lZ

Minimal Puimonic Valvular Stenoai

These individuals may qualify for Class I4 II and III certification if the obstruction

is trivial, as defined by the absence of syxptomas, the presence of a grade 3/6 or less

systolic ejection murmur at the left base, a systolic ejection click that varies with

respir-.ti'on, minimal widening of the seccnd sound with normal intensity of the pulmonic

component, a normal .CG, a normal heart size un chest radiograph with prominence of

the -ulmnniL trunk, xad echocardijgraphic criteria consistent with less than Z5 mm Hg

pressu•i difference across the pulmonic valve. Ii clinical assessment of a Class I or II

applicant is unclear, cardiac catheterization is necessary to document a pressure

difference of less than Z5 mm Hg across 'the pulmonic valve in the prasence of normal

cardiac output. Minimal pulmonic stenosis does not progress, and such individuals are iot

at risk of sudden irkcapacitation.14
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"Mild Pulmonic Valvular Stenoasi

Class M1r certification may be considered for individuals with mild pulmonic valve

stenosis, as defined by physical examination findings of minimal pulmonic valve stenosis

just described, in addition to normal arterial oxygen tension, wild right ventricular

hypertrophy on ECG and echocardiogram, and cardiac catheterization findings that

demonstrate a pressure difference of less than 45 mm Hg across the pulmonic valve in

the presence of normal cardiac output. Class I and H1 certification may be considered

especially if the pilot performs duties in situations in which there is crew redundancy.

Moderate to Seveze Pulmonic Vakvular Stenaft

Mder- .. severe pulmonic valve stenosis is defined as a pressure difference

across the pulmonic valve exceeding 45 mm Hg, with normal cardiac output. Individuals

with this disorder would not qualify for certification, because of the likely presence of

right ventricular dysfunction, and the likelihood of progression of the obstruction-

Poamp"erive Pulmonic VUiular SteuoaU

Persons who have had surgery or nonsurgical valvotomy may qualify for Class. II,

or IM certification if they are asyrptomatic, have a cheat radiograph t~iat shows only a

prominence of the pulmonic trunk, an ECG that showa no ,nore than mild right

ventrsicualar hypertrophy, an echocardiogram that ssows r4 evidence of ri.ht ventricular

dysfunction and cardiac catheterization that demonstrate3 a presure .Aifference of less

than 25 mm Hg across t.he pulmonic valve in the preselce of nr-rmal cardiac output. The

presence of wild pulmonic valve regurgitation shouXl not disqualify. 1 z Fotlowiag

valvotomy, individuals may qualify for Cla= Mfl certification if they rueet thesw criteria

but have a pressure differcnce across the pulmonic valve of greater than 5 mm F. but

less Uhan 45 mm Hg in the presence of normal cardia. output, Such individuals may be
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considered for special issuance of Class I and IT certificates, especially if they are

permitted to perform the duties of an airman in a situation in which there is crew

redundancy.

Diszu te Right VentricuLau. Infum ulhu Ste~nasb

Long-term follow-up data for this defect ere not clear, but, in general, the

recommendations for ia1vular pulmonic stenosis should be followed. These persons may

qualify for Class I U.' or M certification if the obstruction is mild, as defined by the

absence of symptoms. the presence of only minimal right ventricular hypertrophy on

ECG, and a pressure difference of less than Z5 mm Hg across the ottflow tract in the
presence of normal cardiac output, A small vent~icu]ei septal defect may & pretert

with a pulronic-tn-systemic flow ratio of less than 1.5:1 as long as the other criteria ar-T

met.

* Individuals who have had surgical correction of discrete right Qentricular outflow

tract obstruction may qualify for Class 1 U or M certification if they are asymptomatic,

have a norvnal heart size on chest radiograph, no more tbsn minimal eight ventricular

hypertrophy and/or right ventricular conduction delay on ECG, a normal exercise ECG.,

and less then 15 mm Hg pressure difference acroo the right ventriculw outflow tract in

the presence of normal cardiac output. A residual ventricul.r septal defect is atlowable

provided the pulmonic-to-sy~temic flow ratio is lews than 1.Z:1. Individuals exceeding

these crtieria way qualify for Class M certification if there is no more than a Z5 mm Hg

pr-ssure difference across "4he right ventricular outflow tract in the presence of notmal

cardiac ou.tut, and if a v~ttricuiar septal defect is present, the pulmaonic-to-systemic

ratio must not excee<d 1.5:1. Pilots may be given CGass I or U certificates, especially i.

they perform their duties as airmen in the situation in which there is crew reduridaany.
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Supravalvular Pulmonic Stenosi, including Coazctation of the Pulmonary Arteries

Persons may qualify for Class I, I1 or MI certification if the obstruction is trivial,

as defined above for trivial pulmonic valve stenosis. Class Ml certification may be given

if the obstruction is mild as defined above for mild pulmonic valve stenosis, and Class I

and H certification may be considered, especially if the airmen perform their duties in

situations in which there is cockpit redundancy. Following correction, certification may

be given in accordance with criteria described for surgical correction of pulmonic valve

stenosis.

Pulmonary Hypertension

Puimonary hypertension from any cause is disqualifying for all classes. Persons

with primary pullmondry hypertension are continually at risk of sudden death. Exposure

to low environmental oxj,,eD tension, as at altitude, increases this risk. Similarly,

individuals with secondary pulmonary hypertension, such as those with Lisenmenger's

syndrome, are also at risk of incapacitation and sudden death.6 Exposure to altitude is

also deleterious for this group.

Tetalog1 of Fallot

Very few individuals w'th tetualogy of Fallot surviv( beyond the secund decade of

life without surgical Intervention.' 5 Persons with uncorrec..ed tetralogy of Fallot do not

qualify, Following surgical correction, few individuals will be eligible for ct :.-',ification

because of the signif Pant incidLace of postoperative complications.1 5  However, an

individual may qualify fur C'ass H I or IMI certification if the following crit.eria are met:

1) the surgical repair must be done without the use of a prosthetic .evice, homograft, or

transannular patch; 2) trarsient third degree heartblocl, must not have occurred in the

.-*orstoperative period; 3) there must be a normal heart size and normal pulmonary

vascularit.- on cwest radigraph, as well as absence of ECG evidence of bifascicular
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block, atrioventricular conduction delay, or dysrhythmia at rest or with exercise.

Continuous ambulatory Z4 hour ECG monitoring is required prior to certification

and annually thereafter; treadmill exercise testing is also required annually.

Echocardiographic documentation of normal right and left ventricular dimensions and

function is required prior to certification and annually thereafter. It is also necessary to

have documentation by cardiac catheterization of normal right ventricular function and

dimensions, absence of more than trivial tricuspid valve regurgitation, right ventricular

systolic pressure less than 40 mm Hg in the presence of normal cardiac output, no right

to left shunt, and no residual left to right shunt exceeding a pulmonary to systemic flow

ratio of 1.2.l.

Individuals who have had sugical repair may qualify for Class MI certificates if

they meet the criteria just described but exceed cardiac catheterization requirements.

However, the catheterization must document no more than minimal right ventricular

dilatation, no more than mild tricuspid regurgitation, right ventricular systolic pressure

less than 40 mm Hg in the presence of normal cardiac output. no right-to-left shunt, and

if a residual left-to-right shunt is present, it must not exceed a pulmonary to systemic

flow ratio of 1.5:1. Because of the continuing risk of postoperative complications, annual

cardiovascular examinations by a specialist are required for renewal of certification.

Simple Transposition of the Great Arteries, without

Asociated VentricuUr Septal Defect or Pulmonlc Stenosis

7 Because of the presence of substantial cyanosis, individuais with uncorrected

transposition of the great arteries do not qualify. Persons who have undergone surgical

correction of transposition of the great arteries do not qualify for Class I or II

certification because of the risk jf postoperative complications. 5

These individuals may be considered for Clam IMI certification if they are

asymptomatic and are receiving no cardiac medication, have no more than mild
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cardiomegaly on chest radiograph, demonstrate sinus rhythm on routine ECG, an absence

of significant cardiac dysrhythmia or significant conduction disturbance on Z4-hour

ambulatory ECG monitoring and an absence of significant dyshythmia on exercise

testing. These individuals must undergo postoperative cardiac catheterization with

intracardiac electrophysiological studies that demonstrate no more than trivial tricuspid

regurgitation, no right-to-left or left-to-right shunting, normal right ventricular

dimensions with right ventricular end-diastolic pressure less than 1Z mm Hg, left

ventricular systolic pressure less than 40 mm Hg, normal sinus node function, and normal

atrioventricular conduction.

Since the long term effects of the right ventricle's functioning as the systemic

ventricle are not known, it is recommended that right ventricular performance be

assessed periodically by appropriate techniques.

Small Ventricular Septal Defect

Persons with a small ventricular septal defect may qualify for Class 4 II or 11

certification. 7 Such individuals must be asymptomatic, have typical ausculatory findings

of a ventricular septal defect with normal splitting and intensity of the second sound, and

no diastolic murmur of aortic regurgitation or increased mitral valve flow. They must

have a normal heart size on chest radiograph, a normal ECG and a normal left

ventricular size and function by two-dimensional echocardiography. Cardiac

catheterization is not required, but if it is performed, it must document a normal

pulmonary artery pressue, with a pulmonary-to-systemic flow ratio of less than 1.5:1

and no right-to-left shunt. Persons with previous cardiac catheterization data that

exceed these criteria, who undergo a spontaneous closure or clinically significant

reduction in size of a ventricular septal defect, may qualify if they currently meet all of

the other criteria described.

I 9
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Moderate Ventricular Septal Defect

Individuals with a moderate size ventricular septal defect, that is, who exceed the

criteria for a small ventricular septal defect, will not qualify for Class I or 1I

certification. Although the risks of sudden incapacitation are not great, such events do

occur. 16  They may qualify ftr Class III certification if they meet !he following

criteria: 1) they must be asymptomatic and be taking no cardiac medication; 2) they

must have no more than mild cardiac enlargement on chest radiograph, and no more than

mild left atrial enlargement and/or left ventricular hypertrophy on ECG, with no right

ventricular hypertrophy; 3) there should be cardiac catheterization documentation of

normal pulmonary arteriolar resistance, pulmonary artery systolic pressure less than 40

mm Hg and left to-right shunt with a pulmonary-to-systemic flow ratio of less than Z: 1.

Postoperative Surgical Clomire of a Ventricular Septal Defect _

Persons who have had surgical closure cf a ventricular septal defect may qualify

for Class•1, 11 or III certification if they meet -the following criteria: 1) they must be

asymptomatic and taking no cardiac medication; Z) there must be no residual

auscultatory evidence of a ventricular septal defect, and there must be normal splitting

and intensity of the second heart sound; 3) there must be a normal heart size on chest

radiograph, and a normal ECG at rest and with exercise. If a mild right ventricular

conduction delay (QRS complex duration less than 0.1Z seconds) exists on ECG, an

individual may still qualify if no dysrhythmia occurs on Z4-hour ambulatory ECG

monitoring; this monitoring should be repeated annually. If a more significant right

ventricular conduction delay is present, the individual may qualify if invasive His bundle

-.:udies show no prolongation of the H-V interval Postoperative catheterization is not

required provided preoperative catheterization shows normal pulmonary arteriolar

resistance. 
16
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Persons who exceed the postoperative criteria just described may qualify for Class

I certification, but not Class I or Ii certification, if they meet criteria described for

individuals with a moderate ventricular septal defect and if they have no significant

dysrhythmia or conduction disturbance on exercise electrocardiogram.16
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bchemic Heart Disease

Nearly ten years have elapsed since participant, of the Eighth Bethesda

Conference of the American College of Cardiology addrms-'d the issues of cardiovascular

problems associated with aviation safety.1  tn this document we re-exam-'ie pilot

certification practices in light of more current knowledge aby.t caronary arLery disease

and the results of medical and surgical treatment. These isaues also have been

considered extensively by a recent workshop in the United Kingdom on Aviation

Cardiology.Z

Coronary artery disease in individuals less than age 65 years remains

predominantly a disease of men, and its incidence is strongly determined by age. From

age 40 to 60 years, men experience a risk of myocardial infarction from seven to three
times greater than that experienced by women of similar ages. 3  Additionally, among

"men the risk of death from ischemic heart disease increases exponentially with age, any

is 8, 36 and nearly 100 times greater at ages 40, 50 and 60 years, respectively, than it is

at the age of 30 years.3 There is a well-known latent period, during which persons with

coronary heart disease are asymptomatic, before the first onset of clinical

manifestations. The frequency with which the onset of coronary artery disease occurs

with incapacitating rapidity, or as sudden death, is less readily identified, although more

than 50% of those who die from an acute myocardi-l infarction will do so in the first one

to two hours after the onset of the attack.4 Similarly, in male population groups who

were studied prospectively, nearly one--half of the deaths caused by coronary heart
disease occurred suddenly within one hour of the symptoms. The risk of sudden death in

these populations was postively correlated with high blood pressure, the

electrocardiographic patterns of left ventricular enlargement, obesity and heavy

w cigarette usage. 5 It is only natural periodically to re-examine the question whether

better methods are available, or need be utilized, to screen pilot populations in an
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attempt to enhance the detection of coronary artery disease in the latent, asymptomatic

phase.

The diagnosis of coronary artery disease usually is not difficult when manifested

by typical angina pectoris or by classic myocardial infarction. Even the presence of prior

silent or clinically unrecognized myocardial infare.ton is usually evident on the

subsequent resting electrocardiogram. However, during the latent asymptomatic phase

of coronary artery disease or when the symptoms of coronary artery disease are atypical,

recognition continues to be the challenge.

It is well known and generally accepted that the presence of certain identifiable

risk factors individually and collectively increase the probability of zoronary artery

occlusive disease, 6 these being age; male sex; a family history of coronary artery

disease, especially of early or premature coronary disease; elevated blood pressure;

cigarette smoking; diabetes mellitus; and an elevated level of serum cholesterol The

awareness of the role of these risk faztors has played an important part in the health

education of the general population in this country and has probably had an influence in

"The decreasing mortality from coronary artery disease.7-1 0 TUs message should not be

over "oked in the aviation community.

DetecUai of Lateat Coaona Artery Disea

Detection of individuals with a-symptomatic coronary artery disease is not only a

nationai challenge because of the devastating consequences of myocardial infarction and

sudden death, but is an especially cbW'cnging issae in the air transportation industry

because of the potential consequences of incapacitation of an air crew member due to a

a sudden coronary event. The occ.rrence of air transportation incidents resulting from

sudden incapacitation of an air cre-w member because of a cardiovascular event is

infrequent and has all but been eliminated completely in multi-crew operations.

Overstringent standards of fitnew could increase public safety risks due to the
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replacement of senior, more experienced pilots by younger pilots who may be more fit

medically but less experienced. 1 1 ,12

=Te Reting 1Z-Lead Rlectrocardiogmm (ECQ

The resting ECG consistently demonstrates c'Aaugev of prior myocardial -•farction

when one has occurred. Additionally, the patterns of left ventricular enlargement on the

resting ECG 5 and even of nonspecific ST segment and T wave abnormalities are

associatLd with an increased risk of coronary artery disc.ase. 6,13, 14 In the United States

Army cardiovascular screening program of 42.75Z males over the age of 40 years, 4,747

(II%) failed the primary screening because of an anormal resting electrocardiogram. 6

Presently, FAA regulations require an ECG only on examinations for Class I certificates

at 35 years of age and annually beginning at 40 years of age. Broader use of the resting

.4 ECG as a primary screening mechanism is strongly recommended for applicants of all

• classe3 i-ja entry. Class II pilots should have * ECG pexrkmed at age 35 and 40 years,

and e-very tw1Ž ve.•a thereafter. Class IMl pilots should have an ECG performed at %e 40

years and every 6 veaxs Oicreafter.

The use of routine exercise electrocardicra-hic testing after 3ome predetermined

age, as a screening technique to detect latent coronary artery disease in a.symptom•tic

persons, received considerable deliberation by this committee, and a wide range of

opinions was cmosdered. Unfortunately, the vilue of any scren ig procedure Ls limited

by Bayes' theorem of conditional probability.14"16 That is, the random use of exercise

eectrocardiographic tes'ting for the detection of asymnptomatic coronary artery disease

usually gives rýse to a lUrge number of false positive results when the prevalence of

disease in the study population is relatively low. 6,17-19 The committee recommends a

thorough cardiovascu•ar evaluation, including exercise alctrorardiographic testir.g, of
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those individuals with symptoms that are either typical or atypical for coronary artery

disease, and of those individuals who are found to have hypertension or resting

N• electrocardiographic abnormalities. Such testing would currently include one of the

standardized graded exercise treadmill test protocols that has displaced prior techniques

-* of testing such as the Masters Two-step test. The low prevalence of coronary artery

disease in younger pilots and the resultant poor predictive value of routine exercise

testing would make the use of this test in the group unwise.

Siace tLe - of coronary artery disease increases rapidly in men above the age of

50 years, most of the members of tiL :oimmittee, as well as some participants in the

United Kingdom Workshop in Aviation Cazdalogy, 3 ,ZO,Zl were of the opinion that risk

factor assessment and exercise electrocardiographic testing are appropriate screening

measures for male pilots age 50 years and older, who hold Class I and 11 certificates and

who axe performing in a single-crew commercial operation. We recommend that the

serum cholesterol be determined at age 50 years and that exercise electoca ographic

testing be dne on those persons whose serum cholesterol is 300 mg/4d or greater. An

abnormal response to electrocardiographic exercise testizg would require radionuclide

strew testing and, if thxis 1 abnormal, %iould lead to performance of coronary

angiography. 14 ' 15 Extension of ri-sk factor asemes t and exercise electrocardiographic

testing to pilots holding Clas- I and H certificates operating in multi-crew operations

does not presently appea- justified. There ,xisot, however, a need fox research into

methods of collecting risk factor information in pilots and the predictive value of such

information. Further research into the fmequency of cororauy events amortg pilots, while

_a aad off duty, and the prediction of these ovents by risk factor atesswent, to strongly

rieeded. Such investigatiors would alzo emphasize to the pilot population the importance

of correctable riik factors, such as cigasette smoking.8
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Radxmuclide Strew Testing

Radionuclide ventriculography, a noninvasive procedure, provides excellent

information about regional and global ventricular function at rest and followirng

exercise. Thallium Z01 myocardial perfusion imaging provides information about both

prior myocardial infarction and stress induced myocardial perfusion defects.14'ZZ In the

cardiovascular evaluation of the asymptomatic subject, thallium 201 exercise imaging is

indicated if the electrocardiographic treadmill response is abnormal. An ischeinic

response to stress would strongly favor the subsequent use of coronary angiography.14

Both tests have also been used to risk-stratify patients following myocardial infarctionZ3

and to evaluate patients after coronary artery bypass surgery.2 4 'Z 5 Neither test has a

iJ role in the routine screening of the asymptomatic subject;14 however, ýath tests have

enjoyed a role in the secondary screening of coronary artery disease with some evidence

favoring a hidhier -sensitivity and specificity with thallium ZO1 exercise imaging. 14 ' 15

IzadividL&J& with Ckwaooar Artery Diseas

The presence oi kxnown. coronary artery disease is the single most powerful

predictor of subsequent coronary events. Therefore, the reissuance of a certificate that

has once been denied because of coronary artery disease dictates that the evaluation for

the potential of recurrent events be stringent, that rei~suance of Cla.s I and H1

certificates be considered preferentially for pilots in multi-crew operatio., and, since

coronary disease ia not static, that a mechanism for efhfctive, periodic re-evaluation be

initiated and followed. Fortunately, our knowledge about tho course of coronary artery

diMase.-, both after infarctiou and after coronary artery bypa.u surgery contLnuez to &row,

and presently permits s.ouad risk stratification, bez-d tot only upon coronary and

ventricular anatomy, but also upon arrhythmia monitoring and functional testing.Z3 3 1

Such evatuation permits the selection of individuals with known coronary artery disease,

. who are at minimal risk fsom their disease, and allows their return to flying status.
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Asymptomatic and otherwise healthy individuals with recognized coronary artery

disease who desire reissuance generally fall into one of three categories: 1) individuals

who have successfully recovered from an acute myocardial infarction, or who have been

identified as having had a clinically "silent" infarction, or who have angiographic

evidence of coronary artery disease discovered in Lome unrelated fashion; -) individurls

who have successfally recovered from coronary artery bypass surgery; and 3) individuals

who have been successfully treated by coronary balloon angioplasty. Criteria for

evaluation and return to flying status as well as for periodic evaluation follow.

0 Individuals who have recovei-ed from previous myocardial infarction

For Classes 4 Ii and 13., individuals must be asymptomatic one year after the

event. At a minimum, results of a thorough c- diovascular evaluation should

demonstrate a normal cardiovascular system at rest that responds normally

to an exercise te 1. to at least Stage in 18 and a heart rate of 90% of the k

predicted maximum heart rate for age 3Z' 33 without evidence of stress-

induced ischemia. Ambulatory electrocardiographic monitoringz1 should

reveal no significant rhythm disturbance. Exercise thallium scintigraphy

and/or exercise radionuclide ventriculographyZ3 'Z6 should demonstrate no

significant evidence of a stress-induced myocardial perfusion defect and/or

significant stress-induced regional or global systolic ventricular dysfunction.

For Classes I and II, coronary angiography should demonstrate no evidence of

significant coronary occlusive disease, defined as greater than or equal to

50% narrowing of lumen diameter, other than that producing the index

infarction; and left ventricvlography should demonstrate near-normal global

systolic ventricular function with no more than a single area cf regional

hyF-kinesia or akinesia. At 6 month intervals follow-up cardiovascular
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assessment and treadmill electrocardiographic stress testing should remain

normal and at 12 month intervals electrocardiographic mraoitorhig should

show no significant rhythm disturbance, and exercise thallium scintigraphy

and/or exercise gated blood pool radionuclide ventriculography shou1~

demonstrate uo evidence of a stress-induced myocardial perfusion defect or

of stress-ind'iced regional or global ventricular dysfunction. Repeat

coronary angiography should be performed after five years or earlier if there

are coexisting risk fa~ctors known to acceleratc atherogenesis.

For Class MI follbw-up cardiovascular assessment should jinclude normal

sLress- electrocardiographic wa-Zliug at yearly intervals.

aIndividuals whe have undergone coronary artery bypass (CAB)

For Classes L, U and HI individuals must be asymptowatic 6 mneziths after

CAB?341'3 At a miniium, results of a thorovgh cardiovas7cular evaluation

should demonzstrate a normal cardiova.scul-~ syystem at rest that responds

normally to an exernise test to at least Stage. 1111 and a heart rate of 90%

of the predicted maximauu he~rv rate for age 3~',3 3 without evidence of

strmse-induced ischeaiik. Ambulatory lelectrocardiographic monitoring should

reveal no si-;if~ic-4t rbythm disturbance. Exercise thallium scintigraphy

and/or exorcise radionuclide ventriculography2 4 ,2 5 should demonstrate no

siga' ficasit evidt-ace of a stres-s-induced myocardial perfusion defect and/or a

X ,I sgaificant stres-s-induced regional or global sy-stolic ventricular dysfunction.

For Classes I and H1 coronary angiography should demonstrate wide patency

of all bypawses and no significant unbypa~ssed disease. The number of

bypasses is a less important factor than adequate graft patency. Left
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ventriculography should demonstrate near normal global systolic ventricular

function with no more than a single area of regional hypokinesia or

aklnesia. Follow-up examinations should be identical to those for previous

myocardial infarction with an additional requirement of repeat coronary

artery graft angiography and left ventriculography five, 8, and 10 years after

CAB. A somewhat less stringent schedule for repeat angiography might be

permitted if the internal mammary artery(ies) was used as the bypass

conduil(s).3 6 Occurrence of significant graft occlusion or of native vessel

disease distal to the graft or of significant progress of native vessel disease

in unbypassed vessels would preclude special issuance. These stringent

follow-up requirements are necessary because of the palliative nature of

CAB and the likelihood of progressive atherosclerotic changes in either the

graft or the native vessels, especially in the second half decade after

surgery. 3 7' 3 8

Class M] requirements for follow-up cardiovascular assessment are the same

as for myocardial infarction.

o Individuals who have been treated successfully by intracoronary balloon

angioplaWty

For Clasaes I and II requiremenas are as outlined above for those following

CAB.3 9  Coronary angiography should demonstrate wide patency of the

dilated vessel and no other major occlusive disease, defined as greater than

or equal to 50% luminal diameter narrowing. Left ventriculographic criteria

shoui4 be identical to those for myocardial infarction and CAB. Follow-up

should be identical to the requirements for CAB. The long-term status of

individuals who have undergone balloon angioplasty is still urknown.
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Accordingly, follow-up angioplasty at the fifth year presently appears

advisable.
4 0

lass HI requirements are the same as those following myocardial infarction,

although special issuance may be considered at 6 months after surgery.

Because of the newnews of this procedure, coronary angiography should be

performed at 6 months and the results should meet the criteria set fourth for

Classes I and H.
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Hypertension in Aviation

Since hypertension affects approximately 25% of the adult population in the

United States, 1 this important risk factor for cardiovascular disease is a major

consideration in the medical qualifications for airmen.z

As of January 1983, increased blood pressure was the cardiovascular condition

with highest prevalence (6206 cases) among airmen seeking medical certification in all

three classes. Therefore, it is not surprising that, among all cazdiovascular conditions,

hypertension caus.ed the highest number (169) of denials for medical certification. 3

As reported by the 1975 Bethesda Conference, 4 in the absence of clinical or

laboratory evidence of cardiovascular disease, blood pressure may be the best predictor

of subsequent cardiovascular events that might cause unexpected disability or death in a

pilot or other flight crew members during the performance of duty. The risk of adverse

cardiovascular events is directly related to the level of the blood pressure and is

'4*'heightened by factors such as age, sex, race, family history, smoking, blood lipid levels,

j glucose intolerance, target organ damage and alcohol intake. The interactions of the

major risk factors are well known through the results of the Framingham study. 5 The

importance of initiating procedures leading to the detection and prevention of the

controllable risk factors, such as smoking and lipid levels, is obvious and should be

considered by regulatory agencies responsible for the health of civilian airmen and the

safety of civilian aviation.

The diagnosis of hypertension in adults is confirmed when the average of two or

more diastolic blood pressures measured in the sitting position on at least two separate

- visits or on separate measurements is equal to or greater than 95 mm Hg, and when the

average of multiple systolic blood pressures on two or more separate visits is consistently

greater than 150 mm Hg.6,7 Systolic pressure should not exceed 160 mm Hg regardless

of the level of diastolic blood pressure. 7 Casual or isolated blood pressure measurements
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should not be used to establish a diagnosia of hypertension. Identical blood pressure

criteria for all classes of certification are justified based on the clear increased risk for

the development of cardiovascular disease in persons with hypertension.

Blood pressure should be measured with the subject seated comfortably with the

arm bared at heart level and well supported. Blood pressure should be measured in both

arms. The disappearance of sound (phase V) should be reported as the diastolic blood

pressure. Sphygmomanometer standards and appropriate cuff sizes should be used

according to criteria set forth by the American Heart Association.

Intermittent or occasional blood pressure measurements above acceptable levels

are frequent, and persons with intermittently variable or labile blood pressure present a

potential problem because of the well-recognized fact that these persons might develop

sustained hypertension and thereby later be disqualified from medical certification. The

purpose of confirming elevated blood pressure and of repeating measurements is to

determine whether initial elevations remain high and require close observation,

evaluation and/or therapy, or whether the blood pressure has returned to normal levels

and thereafter requires only periodic monitoring.

Once the presence of a sustained and significant elevation in blood pressure has

-been documented, then an evaluation should attempt to answer at least the following

three questions: 6

1. Is target organ involvement present?

Z. Are cardiovascular risk factors other than hypertension present?

3. Does the patient have a primary or secondary (possibly a reversible or

surgically correctable) form of hypertension?

Prior to pursuing an expensive and extensive laboratory investigation to answer

these questions, a careful history is mandatory. It is most important to review the use of

all prescribed and 'over the counter" medications for any effect they may have on
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current blood pressure measurements or their possible Interference with the detection of

angina, transient ischemic attacks, dyspnea and edema, and with the subsequent

effectiveness of antihypertensive drug regimens. The medical history should elicit a

family history of hypertension and associated cardiovascular disease, renal disease or

diabetes mellitus. The duration and levels of increased blood pressure, the response to or

side effects of previous antihypertensive therapy, any weight changes, dietary habits,

especially sodium and potassium intake, and use of alcohol, are important historical

ithms. In addition, the presence or absence of other cardiovascular risk factors such as

obesity, smoking, hyperlipidemia and carbohydrate intolerance are important.

The physical examination should include blood pressure measurements with the

patient sitting. Blood pressure should be measured in both arms. There should also be a

.4recording of height and weight; a careful funduscopic examination for the presence of

arteriolar narrowing, arteriovenous compression, hemorrhages, exudates and papilledema;

palpation and auscultation of the neck for the amplitude of carotid pulsations as well as

for bruits and the presence of cervical venous distention; examination of the lungs for

the presence of pulmonary congestion; assessment of the heart for incresed heart rate,

size, arrhythmia, murmurs and gallop sounds; examination of the abdomen for bruits and

palpable masses such as enlarged kidneys; careful examination of the extremities for

Sdiminished or absent peripheral arterial pulses and the presence of edema; and a brief

neurological exam.

A The extent of the initial and subsequent laboratory investigations will depend upon

N the level of blood pressure, the details of the medical history and the findings on physical

_z examination. However, the tests will generally be- grouped in categories to assist in

determining the severity of any associated vascular disease and/or the possible cause(s)

for hypertension. Laboratory tests to aswess cardiovascular risk factors may provide

appropriate and necessary baseline values for judging initial and future adverse

biochemical effects of therapy. The laboratory investigation should likewise lead to an
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assessment of the presence or absence of significant target organ involvement in the

hypertensive process. The usual initial laboratory studies should include a hemogram;

urinalysis; a biochemical profile, including at a minimum a fasting plasma glucose,

creatinine, serum electrolytes and cholesterol; chest radiograph, ECG and exercise

treadmill test. Annually thereafter the medical re-evaluation should include a history,

physical examination, ECG and biochemical profile. At intervals of three to five years

chest radiographs and exercise treadmill tests are recommended. Because evidence of

target organ damage increases the risk of complications, the following findings miglit be

considered disqualifying for medical certification regardless of the levels of blood

pressure or its ability to be controlled by appropiiate medication: 4

1. Left ventricular hypertrophy, as manifested in the ECG by voltage changes

and ST segment T wave abnormalities (voltage changes alone may not be

disqualifying).

2. Radiographic evidence of cardiomegaly greater than ZO% by the Underleider

criteria or a cardiothoracic ratio of greater than 50%.

3. Azotteviia as reflected by a serum creatinine greater than Z.5 mg/dL

4. Hypertensive retinopathy of group 3 or 4 (Keith-Wagner-Barker-

classification.

If the person is determined ' have a form of surgically correctable hypertensiGn,

then following such treatment he or she sh--uld be re-evaluated for certification.

Such surgically correctable comditiuns include pheochromocytoma, primary

V4 aldosteronism (unless the surgery was a bilateral adrenalectomy), renovascular disease

and renal parenchymal dmiease. Three months or more after the operation, if the blood

pressure is normal and there is an improvement or clearing of tLe target organ damage,

the applicant should be certified. If residual hypertension is present followins these

surgical procedures and the blood pressure can be controlled with acceptable x,,gis and
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there is no target organ disease, then certification should be granted on the same basis as

for persons with essential hypertension. Because of the likelihood of a recurrence of

hypertension following transluminal balloon angioplasty of the renal artery for

atherosclerotic renovascular h•.pertension, the blood pressure should be monitored every

six months following this proceduxe, and more often for those persons who are receiving

antihypertensive drug therapy as well. Blood pressure surveillance may need to be

extended to three years.

Persons who have undergone either surgical treatment for Cushing's syndrome or

sympathectomy for hypertension should not be certified even if they become

normotensive as a result of the operation.

AntQiyrtenzive Treatment and Medicatios

"The goal of treating patients with hypertension is to prevent the morbidity and

mortality attributable to high blood pressure. This means the reduction of elevated blood

pressure to the extent that excess cardiovascular risk is eliminated. Although the

benefits of therapy have been demonstrated in numerous clinical trials, the decision to

initiate therapy in any patient requires the physician to consider at least two factors:

the severity of the blood presure elevation and the presence of other complications or

additional risk factors. The effectiveness of antihyperternsive drugs in reducin elevated

blood presswue is well established." 6 This statement from the 1984 Report of the Joint

National Committee in Detection, Evaluation and Treatment of High Blood Pressure

clearly outlines the generally accepted principles and concepts of antihypertensive

therapy. The ultimate goal of antihypertensive therapy is to achieve and maintain, if

feasible, a diastolic blood pressure at or lower thau 90 mm Hg. 6,7 It is strongly

recommended that effective treatment of hypertension should include nonpharmacologic

modalities in conjunction with cuirently available antihypertensive drugs.

IV- 315



Considerable interest has developed in the nonpharmacologic treatments for

hypertensioA.8 Such factors as weight reduction, dietary sodium restriction combined NAD

with increased dietary potassium, reduction in alcohol intake, reduction in dietary

saturated fats, cessation of cigarette smoking, appropriate exercise programs and other

modifications of behavior should be incorporated into antihypertensive regimens when

appropriate.

Presently the Federal Aviation Administration (FAA) considers diuretics and low

doses of approved beta adrenergic blocking agents to be acceptable treatment of

hypertension, if special cardiovascular evaluation reveals no target organ disease.

Allowable doses, recommended periods of surveillance and appropriate laboratory

monitoring are the subjects of continuing diacu.siou and will be determined by levels of

blood pressure, co-existing conditions and patient compliance. Considerable interest and

information have developed regarding the importance of potassium depletion in the risk

of actual or potential cardiac arrhythmias, especially ventricular ectopy, following the ( 2`
administration of thiazide drugs as a part of hypertensive therapy. The maintenance of a

normal seruw potassium concentration is mandatory in flight personnel treated with

dueartics for hypertension. Supplemental oral potassium preparations should be given, if

necemary, to accomplish this goal. Following the initiation of therapy with any diuretic,

the serum potasium should be monitored in four week-s and thereafter at 6 month

Intervals, and these values should be reported to the FAA. Consideration should alsi be

given toward the potential negative biochemical effect of thlalides Go lipid levels,

carbohydrate metabolism, magnesium and serum uric acid concentrations.

Beta adrenergic receptor blocki agents may cause sedation a=d aLso have other

side elfects. The hydrophitic beta blockers way cauise fewer side effects, particularly as

related to the central nervous system, since they do not readily penetrate the biood-brain

barrier. T'here are probably theoretical reasons why beta blocking agents should be

preferred over diuretics as o--called first-line' drugs for airline pilots requiring

IV- 316



antihypertensive therapy. Should such a firm recommendation be made, the

demonstration of unimpaired critical task performances while using these drugs would

seem to be a reasonable requirement.

Hydralazine and calcium channel blockers should be accepted as antihypertensive

therapy for airmen. The potential usefulness of other classes of compounds, such as low-

dose angiotensin-converting enzyme inhibitors, may also be considered. Based on

previous experience, guanethidine, guanadryl, ganglionic blocking agents, rauwolfia

derivatives, prazosin, methyldopa, clonidine and guanabenz are considered unsuitable.

If pilots are to be granted special issuance certificates contigent upon their taking

acceptable antihypertensive medications for control of their blood pressure, there must

be- some method to ensure that the medication is taken regularly and the blood pressure

remaixs under satisfactory controL The recommendations from the Bethesda conference

are suitable ard desirable in this regard. 4
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Recommended Revisimo of Form 8065-1

Instructions for Preparation aud Submittal of Electrocardiogram

1. Submit only original EGG tracings. Photocopies are not acceptable.

Z. ECG must be taken within 30 days prior to FAA physical examination.

3. Chest electrode placement as follows:

V-i At the 4th right interspace at the sternal border

V-Z At the 4th left interspace at the sternal border

V-3 Halfway between leads V-2 and V-4

V-4 At the 5th left interspace on the midclavicular line

V-5 Halfway between V-4 and V-6

V-6 On a line dropped perpendicularly 5rom V-4 to the midaxillary line

4. Show standardization on ieads I and V-1.

S5. Supply lZ-lead 3-charnel ECG, or if one channel recording:

a. Cut leads 1, II and M siv inches long; leads AVR, AVL, AVF, and all V leads

to two inches long. (Guide provided above for measurements.)

b. Arrange leads in the order shown in line 3 above; mark lead number in upper

left hand corner on the front of each segment.

6. Print applicant's name on the FRONT of the lead I portion of tracing.

7. Staple aU tracings to identficatioo card below at point indicated; tear off

identification card along perforation; attach to Form FAA-8500-8, and mail to:

Federal Aviation Administration

Aeromnidical Certification Branch

PO Box 2508Z

Oklahoma City, Oklahoma 7iiZ5
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Recommended Revision of Form 8500-19

Cardiovascular Evaluation Specifications

These specifications have been developed by the Federal Aviation Administration

(FAA) to determine an applicant's eligibility for airman medical certification.

Standardization of examination methods and reporting is essential to provide sufficient

basis for making this determination and the prompt processing of applicants. This

cardiovascular evaluation, therefore, must be reported in sufficient detail to permit a

clear and objective evaluation of the cardiovascular disorder(s) with emphasis on the

functional capacity, prognosis, and -isk for future serious incapacitating events. It must

be performed by a specialist in internal medicine or cardiovascular diseases and should be

forwarded to the FAA immediately upon completion. Inadequate evaluation or reporting

or failure to submit the report to the FAA promptly may delay the certification

decision. At a minimum the evaluation must include the following:

1. Medical History - Particular reference should be given to cardiovascular

abraormalities, including cerebral or peripheral vascular diseases, a history of

hypertension, stroke, myocardial infarction, syncope, edema, heart murmur,

chest pain, dyspnea and arrhythmias. The results of special diagnostic

procedures, such as exercise treadmill tests, angiograms, echocardiograms

rnd nuclear studies, should be documented. A review of all prior

hospitalizations should be recorded. AU medications currently or recently

used should be identified including the name and purpose of the medication.

Side effects of permitted medication should be identified, such as drowsiness

or decreased mental acuity, particularly if the patient is on a beta-Teceptor

blocking drug.
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Z'. Family, Personal and Social History - A statement of the ages and health

status of parents and sibilings is necessary; if deceased, age at death and

cause should be Included. Also, an indication of whether any blood relAtive

has had heart or vascular disease, hypertension, diabetes or known disorders

of lipid metabolism should be provided. Smoking, drinking and recreational

habits of the applicant are pertinent, as well as whether a program of

physical fitness is being maintained. Comments on the level of physical

activities, functional limitations, occupation and avocational pursuits are

essential.

3. Records of Previous Medical Care - if not previously furnished to the FAA, a

copy of pertinent hospital records as well as outpatient treatment records,

with clinical data, radiographic and laboratory observations and copies of

serial ECG tracings and exercise electrocardiograms should be provided.

Detailed reports or surgical procedures as well as cerebral and coronary

arteriography and other major diagnostic studies are of prime importance.

4. General Physical Examination - A brief description of any personal

characteristics worthy of comment: height, weight, blood pressure readings

in both arms while sitting and standing; funduscopic examination of retinal

arteries; condition of peripheral arteries; carotid artery auscultation; heart

size; rate; rhythm and description of murmurs (location, intensity, timing

and opinion as io significance) and other findings of consequence must be

provided.

5. Laboratory Data - A minimum must include actual test values of:

A. Routine urinalysis and complete blood count.
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B. Blood chemistries (values and normal ranges of the laboratory).

1. Serum cholesterol and triglyceridas after 12 to 16 hour fast.

Z. Fasting plasma glucose (If the fasting plasma glucose is

elevated, include a two hour oral glucose tolerance test

following a 75 to 100 gram carbohydrate load).

3. Serum creatinine or BUN.

4. T3 and T4, if indicated.

5. Serum electrolytes if patient has been on diuretics or has a

history of hypertension.

C. Recent PA and lateral chest radiographs (provide films if abnormal).

D. Electrocardiograms

1. Resting tracing.

Z. Near maximal treadmill exercise stress test, unless

contraindicated, with achievement of at least 90% of maximal

heart rate or symptom limited. (If applicant is taking a beta

receptor blocking drug, it is suggested that if possible the

applicant be tested after the beta blocker drug has been

stopped if 90% of the maximal heart rate cannot be achieved

during exercise testing on the drug, especially if there has not

been a prior treadmill test recorded off medication).

a. State methodology used, including protocol.

b. Describe symptoms that occurred during the test.

C. Provide blood pressure and pulse determinations at rest

and at each stage of the exercise stress test and during

each minute of the recovery period.

d. Submit copies of the representative ECG tracings for

the control, immediately at peak exercise, and for each
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one minute interval for six minutes following cessation

of exercise.**

E. Two dimensional and M-mode echocardiogram should be obtained in

all applicants who have a significant heart murmur or cardiomegaiy

on the PA chest radiograph. Echocardiography may be indicated also

at the cardiovascular specialist's recommendation in the evaluation of

certain other suspected problems (such as VPB's or other

arrhythmias).

F. Thallium exercise and resting myocardial perfusion scans may be

useful in the evaluation of certain conditions (left bundle branch

block, resting ECG repolarization abnormalities, atypical chest pain

problems) *and should be at the option of the cardiovascular specialist.

G. Exercise and resting MUGA scans or first pass ventriculogram: At

the option of the cardiovascular specialist one of these tests may be

also used in addition to or in place of the thallium scan.

H. Ambulatory electrocardiogram: A Z4-hour ambulatory

electrocardiogram should be obtained in all applicants with a history

of an arrhythmia, as well as in applicants with certain other

conditions such as those who have had coronary artery bypass surgery

**NOTE: The information obtained through a determination of current cardiovascular
"capacity and an evaluation of exercise end points under the stress of rhythmic exercise is

•:4xi iconsidered esential to the determination of fitness of any applicant with -suspected or
known cardiovascular disease. Current practice indicates that a stress test on a
treadmill, using either a Bruce or Blake protocol, is best for providing the desired
performance data. Alternatively, an ergometer test that results in a degree of work of

-* approximately 90% of the age-predicted maximum capacity using heart rate end points is
acceptable. All usuai medical precautions -should be followed in pre-screening, election
to test, testing and follow-up on <3plicants who undergo exercise .tress testing. The
resting tracing should be reviewed by the examining physician for evidence of acute
coronary insufficiency, recent myocardial infaction, or repolarization abnormalities.
ECG evidence of recent, unsuspected mycocardial ischemia or infarction would
contraindicate exercise testing. Please state reasons if the exercise stress test is
medically contraindicated.
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or a miyocardial infarction, and in certain applicants with valvular

heart disease. The analysis of certain arrhythmias may require 48 to

7Z hour recordings.

L Cardiac catheterization and coronary arteriogra=s may be required

for certain applicants who have had a myocardial i farction, coronary

artery bypass surgery or coronary angioplasty Cardiac

catheterization may be necessary in certain ot1ler conditions such as

aortic or pulmonary stenosis if noninvasive clinical data are not

conclusive.
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Recommendations for Cardiovascular Drugs

On the following page is a table of commonly used cardiovascular drugs. The

recommendations of the cardiovascular committee regarding the acceptability of these

drugs for special issuance represent their best judgments at this time. New drugs for

cardiovascular conditions are always being formulated and experiences with older drugs

may call for alterations in treatment regimens and expected side effects. Therefore, the

table should not be interpreted strictly, and the FAA should frequently consult

cardiovascular specialists for updated recommendations.
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The Nervous System

The purpose oi this report is to provide the FAA with current information on

neurological conditions most likely to be encountered in civilian airmen, and to update

the AMA report of 1979 on *Neurological and Neurosurgical Conditions Associated with

Aviation Safety."1 The emphasis in this report is placed on providing information that

the AME and FAA must have to make appropriate dispositions of airmen with

neurological conditions. This information includes personal and family histories, the

results of neurological and laboratory investigations, consultations, follow-up

examinations, and most important, prognosis, particularly as they apply to flying

performance and/or the risk of sudden incapacitation in flight. Studies on the natural

history of certain neurological conditions were not designed specifically to answer

questions about flying safety. Therefore, one has to extrapolate from the available

clinical literature.

This report of neurological conditions did not go through the thorough internal

review process that was mentioned in the foreword (p 4). The information contained

within on spe-.:ific neurological conditions is scientifically and clinically sound, and the

recommendations for aeromedical disposition are appropriate given that information, but

the FAA should be aware that the recommendations and the rationale for them did not

benefit from peer review.

The most common neurological disorders by average annual incidence and point

prevalence rates por 100,000 population and at all ages, are listed in Tables I and IL Only

those conditions that are prevalent in the pilot age group and that way affect light

safety are addressed below in subsequent sections.
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TABLE I

MOST COMMON NEUROLOGICAL DISORDERS: APPROXIMATE aVERAGE
ANNUAL INCIDENCE RATES PER 100,000 POPULATION. ALL AGES

Disorder Rate

Herpes zoster 400

Migraine 250

Brain trauma 200

Other severe headachea 200

Acute cerebrovascular disease 150

Other head injurya 150

Transient postconcussive syndrome 150

Lumbosacral herniated nucleus pulposus 150

Lumbosacral pain syudromea 150

Neurological symptoms without defined disease 75

Epilepsy 50

Febrile fits 50

Dementia 50

Meniere's disease 50

hkononeuropathies 40

Polyneuropathy 40 AWN"

Transient ischemic attacks 30 6
Bell's palsy 25

Single seizures 20

Parkinsonism 20

Cervical pain syndromea 20

Persistent postconcussive syndrome 20

Alcoholisma 20

Meningitides 15

Encephalitides 15

Sleep disordersb 15

Subarachnoid hemorrhage 15

Cervical herniated nucleus pulposus 15

SMetastatic brain tumor 15

Peripheral nerve trauma 15

Blindress 15

benign brain tumor 10

De-afnessa 10

QRates are for those a neurologically competent physician should see
(lot of total)

bNarcolepsies and hypersomnias

source: REF I



TABLE II

MOST COMMON NEUROLOGICAL DISORDERS: APPROXIMATE POINT
PREVALENCE RATES PER 100,006 POP'WTATION. ALL AGES

Disorder Rate

Migrainea 2000

Other severe headachea 1500

Brain injury 800

Epilepsy 650

Acute cerebrovascular disease 600

Lumbosacral pain syndromea 500

Alcoholisma 500

Sleep disordersb 300

Meniere's disease 300

Lumbosacral herniated nucleus pulposus 300

Cerebral palsy 250

Dementia 250

Parkinsonism 200

Transient ischemic attacks 150

Febrile fits 100

Persistent postconcassive syndrome 80

'lerpes zoster 80

Congenital CNS m 3lfoations 70

Single seizures 60

Multiple sclerosisc 60

Benign brain t-uor 60

Cervical pain syndromea 60

DOo•wn's syndrome so

Subarachnoid he=orrhage 50

Cervical herniated nucleus pulposus s0

Transient postconcussive syndrome 50

Spinal cord injury 50

aRates are for those a neurologically competent physician should follow

(20t of migraine, 10t of all others)
b-.arcolepsies and hypersomiias

crate is for high-risk areas

sou1ce: REF i
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Epilepsy and Single Seizure

Epilepsy is derived from a Greek word meaning 'a condition of being overcome, or

seized, or attacked.* Although there is no universally accepted definition, it can be

-lefined as "a group of conditions characterized by recurring convulsions for a group of

disorders in which the common factor is a paroxysmal excessive, neuronal discharge

within the brain.*Z Another definition is 'convulsive disorders characterized by sudden,

brief, repetitive and sterotyped .erations of behavior which are presumed to be due to

a paroxysmal discharge of cartic•d or subcortical neurones." 3 Therefore, epilepsy means

more than one convtosion. Up to 5% of a general population will at some time suffer a

well-defined, non-febrile epileptic convulsion. The prevalence rate for chronic epilepsy

ranger between 4/1000-10/1000.

An International Classification of Epileptic Seizures was proposea Ln 1981, and is

shown in Table L More recently, the Commission on Classification and Terminology of

the International League Against Epilepsy has proposed a new classification of epilepsies

and epileptic syndromes as shown in Table I. Sine both classificatvuls are used, the ME

and FAA should become familiar with both.

Considerations for airmau certification

Most persous with epilepsy and epileptic syndromes as shown in Tables I or II will

nQever apply f - erti:lcat-in becaUse of perSistence of seizures, the nature of the disease

causing the fits, or other associated neurological abnormalities. This is particularly true

for pertons with symptomatic localization-related seizures; with some ol th* idiopathic,

generalized epilepsies and symptowatic, generalized epilepaies; and with -some. of the

special syndromes. The AME and FFAA frow time to time will have to make decisions

concerning applicants with a past -history or family bistory of seizures? or who have

experienced their first seizur*e arfter initial medica1 Lhcensuz. Since pilots taking anti-
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TABLF. I

INTERNATIONAL CLASSIFICATION OF EPILEPTIC SEIZURES

SI. Partial seizures (Seizures beginning locally)

A. Simple partial seizures (consciousness not impaired)

1. With motor symptoms
2. With somatosensory or special sensory symptoms
3. With autonomic symptoms
4. With psychic symptoms

B. Complex partial seizures (with impairment of consciousness)

1. Beginning as simple partial seizures and progressing to
impairment of consciousness

2. W~th impairment of consciousness at onset

a. With impairment of consciousness only

b. -With automatisms

C. Partial seizures secondanly generalized

II. Generalized seizures (bilaterally symietrical and withouL 'local onset)

A. 1. Absence seizures
2. Atypical absence

B. Myoclonic seizures

C. Clonic seizures

D. Tonic seizures

E. Tonic-clonic seizures

F. Atonic seizures

'Ill. Unclassified epileptic seixures (incomplete data)

source: REF 4 rith modlfiQations
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TABLE II

INTERNATIONAL CLASSIFICATION OF EPILEPSIES AND EPILEPTIC SYNDROMES

1. Localization-related (focal, local, partial) epilepsies and syndromes

1.1 Idiopathic with age-related onset

At present, two syndromes are established, but more may be identified

ii the future:

o Benign childhood epilepsy with centrotemporal spike

o Childhood epilepsy with occipital paroxysms

1.2 Symptomatic

This category comprises syndromes of great individual variability,

which will mainly be based on anatomical localization, clinical

features, seizure types, and etiological factors (if known). Major

examples and descriptions of varieties subsumed under this heading

are given in Appendix I.

2. Generalized epilepsies and syndromes

2.1 Idiopathic, with age-related orset, listed in order of age

o Benign neonatal familial convulsions

o Benign neonatal convulsions

o Benign myoclinic epilepsy in infancy

o Childhood absence epilepsy (pyknolepsy)

o Juvenile absence epilepsy6

o Juvenile myoclonic epilepsy (impulsive petit mal)

o Epilepsy with grand mal seizures (GTCS) on awakening

Other generalized idiopathic epilepsies, if they do not belong to

one of the above syndromes, can still be classified as generalized

idiopathic epilepsies.

2.2 Idiopathic and/or symptomatic, ir order of age of appearance

"o West s).idrome (infantile spa~ms, Blitz-Nick-Salaam Krampfa)

"o Lennox-Gastaut syndrome

"o Epilepsy with myoclonic-ascatic seizures
""o Epilepsy with myoclonic absences

2.3 Symptomatic

2.3.1 Nonspecific etiology

o Early myoclonic encephalopathy

2.3.2 Specific syndromes

o Epileptic seizures may complicate many disease states

Included under this heading are those diaeases in which seizures

ace a presenting or predominant feature. These are detailed in

Appendix II.
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TABLE II CONT'D

3. Epilepsies and syndromes undezermined as to whether they are focal or generall

3.1 With both generalized and focal seizures

o Neonatal seizures

"o Severe myoclunic epilepsy in infancy

"o Epilepsy with continuous spik3-waves during slow wave sleep

"o Acquired epileptic aphasia (Landau-Kleffner syndrome)

3.2 Without unequivocal generalized or focal features

This heading covers all cases with GTCS where clinical and EEG

findings do not permit classification as clearly generalized or

localization-related, such as in many cases of sleep grand mal.

4. Special syndromes

4.1 Situation-related seizures (Gelegenheitsanfalle)

"o Febrile conwilsions

"o Seizures related to other identifiable situations such as

stress, hormonal changes, drugs, al:ohol, or sleep deprivation

4.2 Isolated, apparently unprovoked epileptic events

4.3 Epl.lepsies characterized by specific modes of seizure precipitation

4.4 Chronic progressive epilepsia partialis continua of childhood

source: REF 5
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convulsant medications are not allowed to fly, the major question to be dealt with is,

whether the epilepsies ever go into permanent remission and, if so, which types?"

Another way of asking this question is, "How long does a person not presently taking

medication need to be seizure-free before his or her epilepsy is considered permanently

cured, or his or her risk of having a convulsion is no greater than the risk found in the

population at large?" We will try to answer this question for specific epileptic

syndromes.

Childhood and adolescent epilepsy

The studies to date indicate a favorable prognosis for some forms of epilepsy,

particularly those beginning in childhood or adolescence. However, they do not provide a

definite answer to cur question. In Table m the relapse rates of seizures following

discontinuance of anti-convulsant therapy are shown. These data show that the relapse

rate ranges from Z4% to 36%. However, the duration of follow-up in each study is

limited with the exception of the study by Holowach Thurston, et al, who followed their

patients from 15 to 23 years. The largest percentage of relapses occur in the first year

after withdrawal. In the study by Holowach Thurston et al, only two relapses occurred

after 8 years after discontinuation of anti-convulsant medication, one in the 16th and one

in the 18th year. Because of the long remission in these patients, they questioned

whetlher these late relapses were related to the origimal epileptic process, or whether

they represented new convulsive disorders. Annegers et al state that all relapses occur

in the first 2.0 years. 6 There is somin disagreement in the literature on the factors

predictive of a relapse. In Table IV, the relapse rates according to seizure type from

three studies are shown. It is clear that there is a wide variation. However, most

authorties feel that the chances for relapse are greater for -seizures that begin focally,

with the exception of benign Rolandic epilepsy excluded, and for mixed seizures. Other

important factors are duration of illness before control, the age of onset, the presence of

IV - 3Z9



TABLE III

RELAPSE RATE AFTER WITHDRAWAL OF ANTICONVULSANTS
IN CHILDREN AND ADOLESCENTS WITH EPILEPSY

Authors Duration of Follow-up Z Relapse Time of Relapse

Emerson et a16  6 months to 6 years 26% 782 in first yr

Holowach et a17  5 to 12 years 24% 56% in first yr
68% in first 2 yi
85% within 5 yrs

Holowach-Thurston
et a18  15 to 23 years 28% Only 2 relapses

after 8 years
(16th and 18th y-

Todt 9  5 to 6 years average 36.3% 86% in first yr
98% within 3 yra
1.3% in 4th yr

"Skinner et allO 6 mzmths to 5 years 25% 82% in first yr

Annegers et all1  Most relapses
in first 10 years
and all in the
first 20 years

-x - 3.9a

*1ý
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TABLE IV

RELAPSE RATES BY SEIZURE TYPE

AUTHORS
Holowach Thurston 8

Seizure Type et al Emerson 6 et al SkinnerI 0 et al Total

Grand Mal 5/36 (14%) 11/25 (44%) 15/47 (32%) 31/108

Jacksonian or
Focal Motor 11/19 (58%) 0/10 (0%) 8/30 (27%) 19/59 (2

Psychomotor 5/16 (31%) 4/4 (25%) 3/27 (11%) 9/47 (IS

Simple Febrile 4/32 (12%) -. 4/32 (12

Petit Mal 1/8 (12%) 0/1 (0%) 1/6 (17%) 2/15 (13

Myoclonic 0/2 (0%) 0/1 (02) 0/3 (0%)

Mixed Seizure Types 15/35 (43%) 5/19 (26%) - 20/54 (3

Atypical Absence 1/4 (25%) 5/18 (28%) 6/22 (27

Complex or
Atypical Febrile 0/4 (0%) 6/13 (46Z) 6/17 (35

Relapse Rate - Patients with Relapse

0 Patients with Seizure Type

*In additiot7 Todt (9) showed an increased incidence of relapse in patients

Swith -partial epilapaies, in patiente with ecmaidary generalized partial
seIzures, and in pctieuts with combined seizures.
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other neurological dysfunctions, and EEG abnormalilties.

The data presented suggests that permanent remissions of epilepsy of childhood

and adolescence may occur, although longer follow-up studies are still needed. The data

also suggest that if a patient with onset of seizures in childhood or adolescence remains

seizure free while off medication for approximately Z0 years, his or her chance of having

a subsequent seizure is probably no greater than the chance in the population at large.

Therefore, for an applicant with a past history of epilepsy, the following criteria

should be met: 1) the applicant must be seizure-free for at least ZO years off all

anticonvulsant medication; Z) the applicant must have no abnormalities on a neurologic

examinatioi, performed by a neurologist; 3) the applicant must have a normal awake EEG

with hyperventilation and photic stimulation, as well as with sleep; 4) the applicant must

have a negative blood screen for anti-convulsants. In some applicants a CT scan with or

without enhancement may be indicative, if so, then it must be normal. All of the

applicants past medical records including consultations, EEGs and radiographs must be

obtained before the final decision is made.

Single unprovoked seizure in childhood

The risk of a second convulsion after a first unprovoked seizure in childhood is

approximately 5Z%. 12 Of those persons who had a recurrence, 79% had additional

seizures. The lowest rate of recurrence followed a generalized tonic-clonic seizure with

a normal EEG and neurological examination. Thervfore, in general, an applicant with a

history of a single unprovoked seizture in childhood shi'uld meet the same criteria that the

applicant with childhood epilepsy must meet before a cqrtificate may be issued.

Other epileptic syndromes of neonatology, children and adolescents

Benign neonatal familial convulsions: This is a dominant, inherited disorder with

clonic or apneic seizures beginning ou the second or third day of life. The seizures are 1
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self-limited. Fourteen percent of these infants develop epilepsy late. If an applicant

with a history of this seizure disorder has had no further seizures over a 20-year period,

while off medication and has a normal neurological examination and EEG, he or she may

be considered for certification.

Benign neonatal convulsions: These are repeated clonic or apneic seizures that

first occur around the fifth day of life, without a known etiology. The seizures are self-

limited. The disposition should be the same as for benign neonatal familiar convulsions.

Febrile seizures: A febrile seizure is defined as "a seizure in infancy or childhood,

usually occurring between three months and five years of age, associated with fever, but

without evidence of intracranial infection or recognized acute neurological illness." 13

Approximately Z to 5% of all children will experience convulsions with febrile illnesses

before age 5,14 and approxmately 30% of these children experience more than one

febrtile seizure. 13 Approxmately 75% of febrile seizures are brief and self-limited, and

are generalized tonic-clonic convulsions; these are known as simple febrile seizures. 13

Complex febrile convulsions last longer than 15 minutes, occur more than once in a Z4-

hour period or have focal features.1 3 Approximately 25% of febrile convulsions are

complex. 13 An EEG performed soon after a febrile seizure is likely to show either

bilateral or unilateral diffuse, slow waves. In EEG follow-ups of persons with febrile

seizures, a surprisingly large proportion of persons with febrile seizures (40% or more)

will show spike wares on subsequent EEGs. 14 However, it should be pointed out that the

finding of definite epileptiform abnormalities or the EEG cannot be used solely as a

predictor of the subsequent development of either recurrent febrile seizures or epilepsy.

Genetic factors ,re important. Febrile convulsions occur in parents or siblings at

a rate Z to 3 times higher than the general population. 14 Data are inconclusive as to

whether non-febrile seizus-e- are more coimwon -in families of individuals with febrile

seizures.
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In cohort studies of persons with febrile convulsions, the incidence of the

subsequent development of non-febrile seizures ranges between 2% and 6%.13 Thus, the

risk for non-febrile convulsions is increased several fold over that expected for the

general population. The increased risk is most marked in the first three years after the

initial febrile seizure, during which time 75% of these individuals will experience their

first non-febrile convulsions. 13 However, a slight increase in risk persists at least until

the third decade of life. 15 Neurological abnormalities prior to the febri!e seizure,

prolonged febrile seizures, a family history of epilepsy, and the occurrence of complex

features during the febrile seizure increase the risk for the subsequent development of

epilepsy. 13 ,1 4 There is no evidence to date that more than one febrile seizure in the

absence of the risk factors mentioned above increases the risk of subsequent epilepsy. 13

Therefore, an applicant who has a history of one or more febrile seizures may be

granted a certificate if: a) the febrile seizure(s) occurred between the ages of three

months and five years; b) the seizure did not last longer than 15 minutes; c) not more

than one seizure occurred in a Z4-hour period; d) there are no atypical features, such as

focal seizures with or without post-ictal transient paralysis; e) there is no first-degree

relative with a history of epilepsy and; f) the present neurological examination is normal

and the EEG, which should include an awake and sleep recording u well as

hyperventilation and photic stimulation, shows no paroxysmal abnormalities.

Family history of epilepsy: Annegers et al, reported that the risk of epilepsy

through age 20 among the siblings and children of persons with childhood epilespy is three

times the rate in the general population. 1 6 Furthermore, they report that the risk of any

type of seizure, which includes isolated seizures, febrile seizures and acute cerebral

4• insult seizures, i 11% in the siblings and 13.1% in the children. Therefore, applicants

with a hist.ory of childhood-onsdt epilespy in either their parents or siblings, should be

examined b/ a neurologist and undergo an EEG examination. If EEG :shows . specific

epileptiform abnormality, no certificate should be issued.
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Benign childhood epilepsy with centro-temporal spikes (benign rolandic epilepsy of

childhood): This is a seizure disorder with onset between three and 13 years of age;

usually there is recovery before ages 15 or 16.17 It is genetically determined with male

predominance. The seizures are brief, simple, partial, hemi-facial motor seizures, which

may become generalized. They often occur during sleep. Although it is an apparently

self-limiting type of epilepsy, there is one report18 of relapse in adulthood in a patient

who had been seizure free for 8 years, the last 6 years without medication.

Before an applicant with this type of epilepsy may be granted a certificate, he or

she must be seizure-free for 10 years off medication, have a normal awake and sleep

EEG, and have a normal neurologic examination, performed by a neurologist.

Childhood epilepsy with occipital paroxysms: The seizures in this condition start

with visual symptoms, such as amaurosis, phosphenes, illusions, or hallucinations. They

are often foilowed by a hemi-clonic seizure or automatisms. A migraine-like headache

follows the seizure in 25% of cases. The EEG shows rhythmical, paroxysmal, high

amplitude spike-and-wave, or sharp waves over the occipital and posterior temporal

areas. Because this is a newly recognized type of epilepsy, 19 no statement on prognosis

can be made. Therefore, an applicant with this type of seizure disorder should not be

issued a certificate regardless of how long he or she has been free of seizures.

Adult epilepsy

Approximately 25% of persons with epilepsy will have their first seizure after the

age of Z5 year.. The major etiologies for these unprovoked seizures are unknown (38%),

alcohol non-withdrawal seizures (Z5%), brain tumor (16%), cerebrovascular infarctions

(14%), head trauma (4%), and miscellaneous (5%).Z0

When evaluating an applicant with adult-onset multiple seizures, the physician

must first make sure that a treatable cause has not been overlooked, particularly for

provoked convulsions (see below). Therefore, if the applicant has not seen a neurologist,

TV -333



a consultation should be obtained. In those candidates in which a provoked cause is not

responsible for the convulsions, or if the neurologic3l assessment does not reveal any

abnormalities which by themselves would prohibit flying, then the same recommendations

as for childhood and adolescent epilepsy apply,

Provoked seizures

Provoked seizures are those that occur in association with an acute neurological

insult, such as head trauma, stroke or infection, and that occur with an acute systemic

metabolic disturbance, such as hypoglycemia, urem.ia, or drug or alcohol withdrawal.

Stress, particularly sleep deprivation, may also precipitate a seizure.

Acute neurology insults: Generalized tonic-clonic seizures and/or partial seizures

may occur during the course of acute neurological insults. They also may have their

* onset following recovery from the acute injury, which is called remote systematic

epilepsy. Unfortunately, with the exception of head trauma, there is little information in

the literature on the late development of post-injury epilepsy for the other conditions. In

a study of 65 cases of remote symptomatic epilepsy (Z4 with head trauma, 19 with

cerebrovascular disease, 3 with central nervous system infection, and 19 with other

causes), 31% of the ca.s- suffered a rccurrence of seizures, all of which occurred within

20 months of the initial seizure.ZI

Acute systemic metabolic and toxic encephalopathy: Seizures that occur during

metabolic disturbances usuajy are self-limited, and if the underlying cause is

permanently corrected, will not occur again. They aLso may occur as n idiosyncratic

reaction to a drug(s) or during withdrawal from alcohol and certain drugs, particularly

9 hypnotics and sedatives. In a study of 53 patients with drug induced seizures. 45% had

single seizures, 40% had multiple convulsions and 15% had status epilpeticus.Z -Me

_* authors noted that generalized seizures with f---cal features were common. The most

A-i common drugs that caued seizures were isoniazid, insulin lidocaine, and ;sychotropic
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medications. In Table V drugs reported to cause convulsions are listed.

Before issuing a certificate the FAA must have irrefutable evidence that the

convulsions were secondary to acute metabolic or toxic causes. In addition, the

underlying abnormality must be evaluated and corrected, and the applicant must satisfy

the certification criteria for that abnormality. Finally, the applicant should not have

suffered any significant neurological deficit as a result of the acute illness or seizures.

Psychometric testing, EEGs and/or CT scan may be required if there are any doubts

about the cause or residual neurological deficits.

SStress-precipitated seizures: Seizures m ay occur alter various stresses, for

example, sleep deprivation,Z3 fatigue, overexertion or emotional stress. Friis and Lund

estimate the incidence of "stress convulsions' to be about I per 100,000 patients. Of 37

patients they followed for 1-lZ years, Z4 remained seizure free, 10 of whom were not

taking anti-convulsant medications. The remainder of the patients had one or more

subsequent stress-provoked attacks. Two of the 36 patients developed spontaneous
• ~convulsion-s-Z4,

In a study of sleep deprivation convidsions in 40 soldiers, Gunderson et al, found a

history suggestive of previous sleep deprived seizures in six and possibly seven of the

soliders.Z5

Although somewhat limited, the data on strew--precipitated seizures indicate a
propensity for recurrence and for the development of unprovoked eizures. Therefore,

any applicant with a history of a stress-induced seizures should not be certified, unless a

period of ZO years has elapsed since the last seizure and the applicant has been off anti-_-. .•

convulsant medication foe this period of time.

Other seizures

Convulsive syncope: Syncope is caused by an acute reduction in brain

oxygenation, most often as a result of a dr-,p in s-stemic b~c~d pressure. In

IV - 335

* *



TABLE V

DRUGS REPORTED TO CAUSE CONVULSIONS

Aqueous iodinated contrast agents

Anticholinesterase agents (organophosphates, physostigmine)

Antihistamines

Antidepressants

Antipsyczhotics

Baclofen

Beta blockers (propranolol, oxpreolol)

Camphor

Chiorambucil

Cocaine

Cycloserine

Cyclosporin A

Ergonovine

Folic acid

General anesthetics (ketamine, halothane, Alrzhesin, enflurane, propanidid)

Hyperbaric oxygen

Hypoglycemic agents

Hyposmolar parenteral. solutions

-I Isonia±zid

Local anesthetics (bupivaca-ine, lidocaine, procaine, etidocaine)

iMefenamic acid

Methyixanthiries

Hatronidazole

Misonidazole

Nalidixic acid

Narcotic analgesics (fentanyl, meptridine. pentazocitwe, propoxyphene)

Oxytocin (secondary tovater intoxication)

Panicillins

Phencyclidine

Phenobarbital

Phlenytoin

Frednisorne (with hypocalcemia)

C)Sympathomimetics (azphetazines, ephedrine, phanylprop.aoola...ine. tarbutallne)

Vitamine K oxide

S source: REF 22
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approximately 12% of patients with syncope, some type of convulsive movements may

occurz.2 6 In the study by Li et al, tonic spasms occurred in Z3 patients, during which the

patients become pale and diaphoretic. The motor activity may resemble that seen in

epileptic seizures. Knowledge of the ,-recipltatiag event, and the presence of facial

pallor and the rapid recovery of consciousness without amnesia help distinguish

convulsive syncope from epilepsy. Persons who faint may fall and suffer a secondary

head injury, wvhicb can produce a concussion causing delayed recovery and amnesia. If

the concussion is associated with convulsive movement, the physician may mistakenly

make a diagnosis of epilepsy. More serious complications such as intracranial hematoma

have also been reported.

An applicant with a history of convulsive syncope may bt- granted a certificate

if: 1) the cause of the syncope is not disqualifying; 2) the applicant presently has a

normal neurological examination; and 3) an awake 'EG with hyperventilation and photic

stimulation, and a sleep EEG do not show any epileptiform discharges. If the applicant

sixffered a head injury during the syncopal episode, criteria for certification for head

injuries should be used (see below).

Pseudoseizures; In neurological practice, a not uncommon problem is the

dfferentiation of true seeizures from hroterical event3. Several rcent publications have

addressed this problem.?7"-9 Although a hysterical cause can be suspected from

observation of the seizure, the absolute test is the recording of a normal EEG during the

episode. A normal ictal EEG with true seizures is exceedingly rare. Motor activity

occurring during the pteudo-ictal event varies corsiderably. Tonic posturing and

tremulousneu followed by jerking, grimacing, thrashing, bicycling-like movements,

pelvic thrusts and partial opisthotonic postures may be seen. The movements may be

bilateral or unilateral. "rey may be sterotyped from seizu*e to se.ture. Many of these

persons will have their eyes tightly clseed during the event, a finding not often seen in

__ 'true seizures. Urinary and fecal incontinence is very rare. Hysterical seizures may
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occur in persons with known epilepsy. Suggestion may precipitate the seizures. Although

the pseudo-seizure itself might not disqualify an applicant, the underlying

psychopathology would preclude the issuance of a license.

Single Unpovoked Seizure in Azlbts

The data ou the recurrence of seizures after an attack of a single, unprovoked

seizure is found in Table VL

It is apparent that the wide variation in percent recurrence, ranging from Z7%-

82% reflects different study designs and duration of fonow-up. Most of the patients in

these studies were placed on anti-convulsant medication after their initial seizure.

However, in the investigation by Hauser et al, of the 64 patients with idiopathic epilepsy

who were not started on anti-epileptic medication, 15% suffered relapses, as compared

-to 20% of thost patients who were treated. 3 1 In the study by Johnson et al, of 77

enlisted Navy men whose first seizures were considered idiopathic and who were not

placed on anti-convulsant medications, there was a 64% recurrence of seizure within the

subsequent three years, with 77% of the seizures occurring within the first year. 32

Thus, the literature shows quite clearly that, regardless of whether a person is

taking anti-convulsant medication, the likelihood of suffering convusions subsequent to a

single, unprovoked seizure is high. Thus, an applicant with a history of a single seizure

must remain setzure-free and off all anti-convulsant medications for at least ZO years

before he or she should be certified.
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S
TABLE VI

STUDIES OF THE RECUR•IENCE OF SEIZURES AFTER A FIRST ATTACK

Author ti Patteut Selection Follow up* % Recurrence+

HOSPITAL BASED STUDIES

Thomas (1959) 48 Referred to EEG dept ns 27
Johnson et al (1972) 77 Young adult males, 6 mns 34

naval recruits (excluding 12 mns 49

organic causes, alcohol, 24 mns 57
drug abuse) 36 mns 58

Saunders and Marshall (1975) 33 Referred to EEG dept 10-48 mns 33

Cleland et al (1981) 70 Adult referrals to a neurology
clinic, with untreated "major"
seizures, (excluding head
injury, drug overdose) 3-120 mns 39

Hauser et al (1982) 244 "Unprovoked seizures" 12 mns 16
(incm multiple seizures 24 mns 21

Son a single day, excl 36 mns 27

acute symptomatic fits) 7 36 mns 27

COMMUNITY BASED STUDIES

Hauser & Kurland (i975) 769 Survey of Rochester MN
including recurrent provoked
seizures as sii.gle seizures)_,'24 mns 67

Goodridge & Shorvon (1983) 114 Survey of Tonbridge, Kent
(all seizureu regardless of
actiology) : 36 mns 82

*Period of follow up after first seizure

+Percentage of patient,3 in whom a second seizure occurs during the specified follow up period

source: REF 30
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Head Trauma

Introduction

Head injuries occur very frequently in our modern, mechanistic society. Because

of the great diversity of acute neurological abnormalities, complications and long range

sequelae that may result, the AME and FAA often are confronted with difficult decisions

in making an appropriate decision about certification of an airman with a history of head

injury. For an excellent review of the acute and late effects of head trauma, the reader

is referred to the monograph by Jennett and Teasdale. 1

Epidemiology

Traumatic head injuries from all causes exceed 1,000,000 new cases annually.

Approximately Z00-300 per 100,000 population are admitted to hospitals each year in the

United States and Great Britain. Approximately Z0% of head injury cases seen the the

emergency room are admitted to the hospital. The most frequent injured are males

between the ages of 15 and 24 years.

Minimal criteria for brain injury

When evaluating a candidate with a history of head injury, the AME and FAA must

first determine that a brain injury has occurred. The minimal criteria for brain injury

following head trauma arei 1) loms of consciousness or amnesia (antegrade or post-

traumatic) even if lasting only several seconds (concussion); Z) evidence of a neurological

deficit resulting from the trauma, such as a hemipa'-esiws or aphasia; 3) evidence of focal

brain damage demonstrated by special diagnostic studies such as CT scan; 4) impairment

of brain function demonstrated by appropriate psychological studies.z
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Severity of brain injury

Since the majority of persons with a history of head trauma will be evaluated by

the FAA at some time after the traumatic event, the assessment of the severity of the

inital brain injury, as well as intermediate and late sequelae, will have to be determined

by a critical review of the applicant's records. These should include emergency room or

hospital in-patient records, reports of consultants, a review of the radiographs, EEGs,

psychometric tests and other studies. The details surrounding the head injury; the cause,

such as missile vs noamissile; and the type, that is, closed or open, should be

determined. A;.ýbst all closed head injuries are associated with a disturbance of

consciousness due to diffuse cerebral hemisphere or brain stem injury. The single most

important index of severity is the degree of non-responsiveness. This can be determined

retrospectively by determining the duration of post-traumatic amnesia or knowng the

score on the Glasgow Coma Scale.

Post-traumatic amnesia (PTA)

1The duration of posttraumatic amnesia is the time interval after the head injury

during which the patient is unable to recall on-going events; that is, new memories can

not be formed. This state includes persons in varying levels of coma as well as those

who, although appearing awake and alert, cannot remember recent events. Based on the

"duration of PTA, the severity of head injury is classified as follows:

Duration Severity

Less than 5 minutes Very mild

5 - 60 minutes Mild

1 - Z4 hours Moderate

I - 7 days Severe
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1 - 4 weeks Very severe

More than 4 weeks Extremely severe

The longer the duration of PTA, the greater the chance of serious sequelae.

Retrograde amnesia, which is the inability to recall events prior to the injury, is a

less accurate indicator of severity of brain injury. The duration of this type of amnesia

may vary from a few seconds or minutes to several weeks. Over a course of several

weeks this amnesia tends to shrink, so that the only permanent memory loss is for the

events several seconds to a few minutes prior to the injury.

Concussion

Since the term, concussion, is still frequently used in head trauma parlance and

may appear on an applicant's records, a brief discussion is in order. As defined by the

Committee to Study Head Injury Nomenclature of the Congress of Neurological Surgeons,

cerebral concussion is 'a clinical syndrome characterized by immediate and transient

impairment of neural function, such as alteration of consciousness, disturbance of vision,

equilibrium, etc, due to mechanical forces." 3  One of the hallmarks of cerebral

concussion is the presence of variable degrees of retrograde and post-traumatic amnesia

with or without loss of conrciousness. With this type of injury there is no evidence of

structural damage on CT scan, Yarnell and Lynch describe two different amnestic

events with mild head injuries. In one, the patients cannot recall events surrounding the

incident moments later. They have a sense of bewilderment with cognitive difficulty and

only patchy recollection of the experience on recovery one hour later. In the second

group, the patients can recall the events surrounding the accident when questioned

immediately, btit lose this information permanently when questioned later. 4 In addition

t lpl to deficits in memory recall, Gronwall and Wrightson reported that patients with
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cerebral concussion (defined by them as an injury not associated with a neurological

deficit and without post-traumatic amnesia lasting 24 hours or less) have difficulty in

processing sequential irformation that may persist for several weeks. 5 This problem was

more pronounced in patients with multiple concussions.

The term, concussion, therefore, usually means a mild or moderate brain injury

depending on the duration of PTA. Although the neurological examination and CT scan

are usually normal, because of the problems a person who suffered a concussion has with

processing new information, the FAA should wait three months before certifying the

applicant as fit to fly. The high propensity 'for seizures in the first 12 weeks after

"trivial" head trauma also supports the duration of this waiting period. If there is any

question of residual deficits, then a neurological evaluation, including a CT scan and

* psychometric tests, should be obtained. An applicant who has a history of multiple

concussions should also have complete neurological evaluation before a disposition is

made.

Glasgow coma scale

The scale is used in many centers to assess the severity of injury as well as to

establish a baseline for follow-up and is graded as follows:

E Eye Opening Grade

Spontaneous 4

To sound 3

To pain 2

None

N
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M Best Motor Response

Follows commands 6

Localized stimulus 5

Withdraws 4

Flexion posturing 3

Extension posturing Z

No movement 1

V Best Verbal Response

Oriented 5

Confused 4

Words 3

Sounds Z!

None I

Coma Score (E+M+V) = 3 to 15

The least severe injury would receive a total score of 15, the most serious 3. In

addition to the above observations, vital signs, pupil size and reactivity and eye

movements are documented. The coma score within the first Z4 hours after injury, for

the most part, correlates closely with long-term outcome. 1

Radiographa

Plain skull radiographs are used to detect linear or depressed skull fractures. The

major value of the CT scan during the acute stage is to identify surgically remedial

lesions such as epidural, subdural, and intracerebral hematomas. In addition, other

ý:,I rstructural changes may be seen that may have important implications not only in the

SIt•Nassessment of the severity of the injury, but in the determination of flying status after
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recovery. These include cerebral or brain stem contusions, cerebral infarctions, cerebral

edema, subarachnoid hemorrhage, and intracranial air. The finding of bilateral dense

intracerebral lesions on the early CT scans usually indicates that a permanent

impairment is likely. For example, bifrontal lesions may herald a persistent personality

disorder and bitemporal lesions may herald permanent intellectual and memory deficits. 2

Severity of injury does not always correlate with CT findings. French and Dublin

reported that almost 50% of patients who were in deep coma with abnormal motor

activity had a normal scan. 6 In another study of 60 severely injured patients without an

intracranial hematoma, the CT scan was normal in 35% of cases. 7 This may be explained

by the limited value of the CT scan in detecting white matter lesions. Diffuse white

matter axonal injury is a major pathological finding in acute, severe, diffuse closed head

trauma, with or without intracranial hemorrhage or hematomas.

Radiographic and pathological studies on persons who survived the acute injury

have shown cerebral atrophy with lateral ventricular enlargement, that is, hydrocephalus

ex vacuo, attributed to periventricular white matter injury, which can I- seen as early. as

one month after injury.

Magnetic resonance imaging (MRI) is a more sensitive radiographic technique for

detecting cerebral white matter disease, as well as small subdural hematomas and

subacute, hemorrhagic (isodense) lesions, than is the CT scan. Since MRI has been in use

for only a few years, little substantive information correlating the MRI findings in acute

and recovery stages with severity of head injury, neurological signs, and neuropyscho-

logical defiits is available.s-1 0

The vast majority of persons with head trauma who have CT or MRI abnormalities

will have other neurological complications or behavioral problems that may preclude

certification. However, from time to time a person with a remote history or recent

recovery from a closed head injury, which according to information available would be

classified as a moderate or severe, and who may have a radiographic abnormality, but
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who otherwise appears normal, may apply for a certificate. In this case, an extensive

* -neurological evaluation should be performed, which should irnclude a neurological

consultation, EEG, CT or MR1 with comparison with previous studies; neuropsychological

studies and a flight simulation test. If no abnormalities are detected or if the CT or MRI

scans remain unchanged or are now normal, the candidate may be granted a special

issuance certificate.

Complications or sequelae

The presence or absence of the following additional findings are important for

estimating prognosis of a head injuryr.

A. Early signs

1. Generalized and/or partial seizures

t 4 Focal neurological deficits such as hemiparesis or aphasia.

3. Cranial nerve dysfunction.

4. Skull fracture, either linear or depressed.

5. Intracranial hemorrhage, either epidaral, subdural, or intracerebral.

6. CSF oto- or rhinorrhea.

7. Abnormalities on CT m€<n other than hemorrhage.

8. Other injuries.

B. Intermediate and late seque&,

1. Post-concussion syn&om e.

Z. Post-traumatic headaches.

3. Post-traunatic epilepsy

4. Persistent focal cerebral 'emisph-ere or cranial nerve abnormalitie,.

5. Mental sequelae.

• b. Chronic subdural hematoma.
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7. Obstructive or communicating hydrocephalus.

8. Meningitis.

9. Traumatic aneurysms or arteriovenous malformations.

Classifications

With the above information, a physician can retrospectively classify the injury

into one of the following categories, and also list the complications or sequelae. A

decision on flying status may then be made.

1. Mild brain injury

There is transient loass or alteration of consciousness, but no focal neurologic

deficit, and fast return of alertness or orientation. Persons who have some

evidence of traumatic brain injury and brain dysfunction, but who do not lose

* consciousness, would have mild injury. Post-traumatic amnesia (PTA) lasts

less than one hour.

Z. Moderate brain injury

One hour after injury there is still impaired consciousness o.r disorientation,

but the individual can follow some commands. Alternatively, the individual

may be alert, but have a focal ne.urologic deficit. Post-traumatic amnesia

lasting one to Z4 hours usually occurs.

3. Severe brain injury

After injury these comatose or stuporous individualJs are unable to follow any

commands; they may use words, but inappropriately. Their motor responses

vary from localizing stimuli to posturing or zothing. If they recover, PTA

"usually lasts one to seven days, but it may last longer.
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4. Very severe brain injury

After injury these unresponsive individuals keep their eyes closed even to

intense stimuli. They utter no words or sounds and follow no commands. On

stlmulationj they exhibit either no motor, movement or a posturing

response. A person in this state often dies, unless a clot is responsible for

the clinical presentation and is removed. If the person lives, bh -- 5he is

frequently in a vegetative state. PTA lasits longer than seven days and often

much longer.

The above classification focuses on degrees of unresponsiveness as an i.,de.

of severity. Perforating or penetrating injuries to the skull and brain m;.v

not result in a disturbance of consciousnem. However, they may cat.sc

"neurological dleficits, which themselves may be severely impairing.

Sequelae

Impact seizures

Convulsive activity occurring with4.n a few seconds of impact are refcrr',I to as

impact or instantaneous seizures. Approximately 50% of persons- with imapact sei:ures

will have repeated attacks du-ing the first hours ow days after injury.1 These persons

usually have evidence of structural damage, such as, an intra.ra-all hematowa, cerebral

contu=a or a depressed sk:ul fracture. For those with no atructural damage the injur-y

may be cansidered trivial.

The mec-'anisum of an Impact seizure with a wild head injury i unknown; it may be

vasovagal. Although studies are limited, there does not appear to be an increased risk

fo: SuL-bSuent convulsion.)Z Therefore, an applicant with mild brain trauma, and who

otherwise satisfies the criteria for head injury may: be granted a certificate provided a
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neurological evaluation and an EEG are normal. A CT scan may bo - -ded, depending on

the recommendations of the neurological consultant.

Early seizures

Approximately five percent of persons who sustain a nonmissile head injury will

have a generalized and/or focal seizures(s) within the first seven days after a nonmissile

head injury; 60% occur within the first Z4 hours. Early epilepsy occurs more frequently

after serious head injuries, especially those associated with skull fractures, intracerebral

hematoma or post-traumatic amnesia that lasts longer than Z4 hours. Mild brain injuries,

particularly in children under 5 years of age, may be associated with seizures. 13 Oka et

a114 reported that 28 of 37 patients, the majority of whom were under 14 years of age,

developed convulsive attacks. after trivial brain injuries. Most of these occurred within

two hours of the head injury. After early seizures, there is a 17% chance of developing

late epilespy in persons under 16 years old and 33% in persons over 16 years. 15

Although early seizures are usually associated with severe head injuries, and each

seizure increases the risk for the development of late epilepsy, in some persons,

especially children and adolescents, early seizures may be benign. Eighty percent of

individuals who develop late epilespy will do so within Z years after injury. 16 The new

cases after this time occur at decreasing frequencies, so that by 10 years, the risk of

having a seizure is probably the same as in the non-iojur-ed popuation. Therefore,

provided the applicant with a head injury mtets "-l other criteria, a period of 10 years

with no seit..res and no anti-convulsant mWedication Mk3'•It elapse before the applicant

should be certified. Before a decision is made, a complete neurological consultation

should be done, as well as an EEG, CT or U4RI scan, and a blood screen for anti-

convulsant medicat tons.

I
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Late epilepsy (Post-traumatic epilepsy - PTE)

The incidence of PTE, defined as seizure activity occurring later than 7 days after

the traumatic event, is 5% for a closed head injury not caused by missies. For missile

injuries, if the dura is penetrated, the incidence is 42%, and 23% if the dura remains

intact. The risk of PTE is also increased with depressed fractures, intracranial

hematoma, early epilepsy and with f.6cal cerebral hemisphere damage. Severity of injury

as estimated from the duration of post-traumatic arr-sia itself does not necessarily

increase the risk of PTE. However, in generaJ: the more severe the injury, the greater

the likelihood of PTE. If there is a history of a febrile convulsion in childhood or a

history of epilepsy in parents, siblings or offspring, the risk for PTE is further

increased. The ZEE is of little value -dicting PTE.

Approximately 40% to 50% of persons develop PM'w., ,',ithin 6 months of the injury,

70% by one year, and 80% by two years. Thereafter, there is a continuing decreasing

incidence. In a recent unpublished study on war missile injuriCs, a group was identified

who experienced their first seizure on the average of 7.7 years after the insult. 17 Thus,

"the onset of PTE can be delayed appreciably. The interval of time that must elapse

before the incidence of tipep~y is the same as the general population has yet to be

determined. Post-traumiatic epilepsy may remit temporarily, and approximately 50% of

persons with PT'I will stop having seizures altogether. Data on permanent remissions are

lackig, although a seizure-free interval of 20 years off all anti-convulsant medicaticos

would most likely constitute a permanent remission.

The AME and FAA are confronted with two major problams when evaluating

candidates with head injuries: 1) identification of those persons at risk for developing

•PTE and, Z) disposition of those candidates with PTE who are in apparent remission.
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With regard to the first problem:

1. Those applicants with early epilepsy, a depressed skull fracture, intracranial

hematoma, or focal cerebral hemisphere deficits as detected from

neurological examination or CT or MRI scans should be denied

certification. They should be considered for certification only after a 20-

year interval has elapsed since the injury, provided they satisfy the other

criteria for head injury.

Z. Since incidence of PTE after moderate to severe, diffuse closed head injuries

without complications is not definitely known, but seem to be higher than

the incidence of nontraumatic seizures, it is advisable to restrict applicants

with moderate or severe injury, who otherwise satisfy the head injury

criteria, for an extended period of time, to be determined by the

neurological consultant.

With regard to the second problem:

1. Applicants with a history of PTE may be considered for certification only

after 20 years have elapsed since the last seizure, during which time the

applicant has been off all anti-convulsant medication.

"to assist in resolving both problems, a neurological consultation, EEGY, CT or MRI

scan must be done before a disposition is made.

Transient netu'ological signs and symptonrr. associated with trivial head traua a

The AME and FAA may encounter applicants with a history of transient

neurological signs and symptoms following minor head trauma that is usually not

associated with amnesia or unconsciousness. This presentation is more common in ,
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children and young adults. Transient confusion, hemiparesis, hemisensory symptoms, as

well as visual scotomata, hemianopsias, and total blindness have been reported. These

symptoms last usually less than 1/Z hour and are followed by a headache. This syndrome

resembles migrahue, although spontaneous migraine has been reported in less than 50% of

the cases. This syndrome may run in families.1 8 The FAA should request a neurological

consultation before making a disposition. The consultant may request further studies

such as an EEG or CT scan. If the results of the evaluation are normal, provided the

applicant does not have disqualifying migraine, he or she may be certified.

Prolonged retrograde amnesia

Retrograde amnesia is a feature of concussion. Usually the amnestic period (the

period of time that is not remembered) is of short duration (several minutes to hours),

but it may extend for days. However, over a course of days or months the amnestic

period gradually shrinks, so that only few seconds or minutes remain lost. In persons in

whom a prolonged period of retrograde amnesia remains unchanged, a psychogenic cause

should be suspected. This can be determined by a sodium amytal or hypnotic interview.4 Amnesia resulting rtom an organic disease cannot *be recalled, whereas with amnesia

from functional causes, the person can remember events using either one of these two

techniques. Therefore, in applicants with a prolonged, fixed period of retrograde

amnesia, a psychiatric consultation should be obtained.

Post-traumatic headaches (PTH)

Post-traumatic headaches are a frequent sequelae of head injuries. Brenner et

al9reported that 69% of 200 consecutive hospitalized persons with head injuries

complained of PTH. Thirty percent of the headaches did not persist beyond the hospital

stay, Thirty-two percent of the headaches continued beyond Z months, and 6% of the

headaches began after discharge. Headaches are far less frequent after major than after
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trivial head trauma. Four distinct types have been defined: 2 0 1) steady pressure with

cap-like distribution; Z) circumscribed superficial tenderness around impact site; 3)

episodic unilateral aching or throbbing pain (migraine-like); and 4) episodiz unilateral

with ipsilateral mydriasis and facial hyperhydrosis. With this last type of headache, when

the pain subsides, partial ptosis and miosis remain. All persons who have this type of

headache had anterior neck injuries.2 1 Chronic migraine after minor head trauma also

has been reported. 2 0  Dispostion of applicants with the various types of PTH should

follow the guidelines listed in the headache section (below).

Post-traumatic or postconcussion syndrome

The post-traumatic syndrome can be a very disabling sequela of minor head

injuries. Symptoms of this syndrome include headache, dizziness, fatigue, reduced

concentration, memory deficits, irritability, anxiety, insomnia, hyperacusis, photophobia,

depression and slowed information processing. In some persons positional nystagmus may

be the only abnormal neurological findings. The symptoms may begin within 24 hours

after injury or may be delayed for several weeks. Often the symptoms last only a few

days to several weeks. However, persistence of the symptoms for months is not

uncommon.

In assessing a person with post-traumatic syndrome, the FAA must make sure that

a structural abnormality, such as a clot or obstructive hydrocephalus, has not been

overlooked. If there is no structural cause for the syndrome, then the decision to certify

an applicant depends on the complete resolution of symptoms followed by an appropriate

follow-up period of two to three months. Since cognitive deficits and difficulties in

processing information may persist, neuropsychological (see section on dementia) studies

as well as flight simulator tests may be necessary before a final disposition can be

made. For applicants with positional nystagmus, a thorough ENT evaluation is required

before a disposition can be made.
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Cranial nerve abnormalities

Cranial nerve abnormalities are frequently overlooked as complications of head

injury. Before issuing a certificate to applicants with a history of head injury, the FAA

must determine the functional integrity of the cranial nerves. A careful history is a

prerequisite, since asymptomatic cranial nerve dysfunction in an otherwise neurologically

normal individual is exceedingly rare; a routine neurologic examination of the cranial

nerves should uncover any deficit. The degree of abnormality can then be determined by

quantitiative tests. Whether the cranial nerve abnormality is sufficient to compromise

flying performance will have to be determined according to FAA standards and guidelines

for the cranial nerve's paticular function.

Cranial Nerve L Anosmia occurs in about 7% of persons admitted to hospitals

with head injury. Most persons with anosmia have frontal fracture and have been

unconscious. Approximately 50% of individuals with CSF rhinorrhea from anterior fossa

fractures suffer from lack of smell. With surgical repair, the incidence of anosmia

increases.

With trivial head trauma the first cranial nerve is the one most frequently

damaged, particularly when the impact is to the occipital region. Countercoup damage

to the olfactory filaments in the cribiform plate without an associated fracture is

postulated as the mechanism.

Prognosis for recovery is particularly poor if post-traumtic amnesia exceeds 24

hours. Recovery usually occurs within the first three months, although some persons will

complain oi distortiou of smell.

Visual pathways - cranial nerve II: The optic nerve can be damaged by both blunt

anC. penetrating head trauma; the usual site of damage in the optic canal. There may be

an associated orbital or anterior fossa fracture. Various degrees of visual loss as well as

field deficits have been reported. Most often the blindness is complete. Delayed onset

IV - 355



of visual loss may result from increased intracranial pressure or from adhesive

arachnoiditis, which results from subarachnoid blood.

Oculomotor nerves - cranial nerves M2, IV, VD/ Transient symptoms of dysfunction

of the motor nerves to the eye are not uncommon immediately after head trauma.

However, they usually dissipate quickly. Persistence of diplopia means injury to one or

more of these nerves has occurred. The third nerve may be directly injured by stretching

ox contusion or secondarily by tentorial herniation. Isolated fourth nerve paresis is a rare

complication of closed head injuries. The 6th nerve, because it is the longest intracranial

nerve, is the most frequently injured oculomotor nerve. The injury may be associated

with fractures of the petrous or sphenoid bones or present as a false localizing sign with

increased intracranial pressure.

Cranial nerve VII: injury to the facial nerve is most commonly caused by

fractures of the petrous bone. This is often associated to the 8th cranial nerve. Two

types of injury have been identified, one with immediate onset of complete paralysis, and ALL

the other with delayed onset occurring within several days of the accident. With the

latter type, total or partial recovery occurs, usually over a period of 6 to 8 weeks.

Cranial nerve VIII: The 8th cranial nerve is frequently injured in closed head

injuries, with or without evidence cf the temporal bone fracture. Symptoms and signs of

vestibular dysfunction have been reported in approximately 50% of individuals with

closed head injuries. Often the symptoms and signs are mild, although many of these

persons have other symptoms of the postconcussion syndrome. The auditory component

of the 8th cranial nerve is also involved, manifesting as sensorineural deafness. A

concussion of the organ of Corti is postulated as the mechanism. Transverse petrous

fractures are commonly associated with this type of injury. Conductive type deafness

may be seen with longitudinal temporal fractures that cause bleeding in the middle ear.

Cranial nerves IX, X, XI, XII: These cranial nerves are infrequently damaged in

closed head injuries. Gunshot wounds of the extracranial structures are the most
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frequent causes.

Persons presenting with persistent cranial nerve deficits must be evaluated to

assess their ability to function in a cockpit. This is especially true for vision, oculomotor

function, hearing, and equilibrium.

CSF rhinorrhea and otorrhea

Approximately Z5% of persons with an anterior basal fracture will develop CSF

rhinorrhea. This occurs usually within several days after injury and in most cases only

persists for several days. Rarely, delayed rhinorrhea can occur several weeks or months

after the injury.

CSF otorrhea occurs in 7% of basal skull fractures and usually resolves

spontaneously in 5 to 10 days.

The major complication of CSF fistulas is menigitis. It is generally accepted that

if the CSF leak persists for more than one to two weeks, then it should be repaired

surgically in order to prevent meningezl infection. After an appropriatc post-operative

recovery period, and provided there are no other complications that would negate return

to flying status, a pilot may be certified medically. However, he or she should be re-

evaluted every 6 months for two years.

Vascular complications

The vascular complications of head trauma are arterial dissections, aneurysms and

fistulas. Arterial dissections frequently involve the extracranial arteries and are caused

~'' by blunt or penetrating injuries to the neck. Rarely, dissections of intracranial arteries,

particularly the basilar artery, may occur with closed head injuries. The dissections

occur at the time of or soon after the injury. The signs and symptoms may be difficult to

distinguish from other complications. The effects are usually devastating and if the

patient survives, the residual deficits are so severe that there is no question about
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certification.

Traumatic aneurysms are rare. They can develop on any artery; however, the

cervical and the intracavernous portion of the internal carotid artery are most frequently

involved. Most intracranial traumatic aneurysms rupture within three weeks of injury.

Therefore, the FAA should not be concerned about this complication after the recovery

period.

Seventy-five percent of carotid artery-cavernous sinus fistulas are due to trauma.

Of concern to aviation safety is the finding that 20% of persons with this condition

present with symptoms later than 2 months after injury, and that the symptoms may

occur afte: even minor trauma. Proptosis, chemosis, visual impairment, ocular palsies

and orbital pain are the major clinical findings. Carotid artery-cavernous sinus fistulas

may resolve spontaneously. More often they must be repaired surgically. Before being

certified with this condition, the applicant must document correction by angiographic

studies, and there must be no other complications that would prevent certification. The

pilot should be evaluated every 6 months for two year.

Hydrocephalus

Ventricular enlargement develops in 40% to 80% of adults with head injury.Z3

"Fifty percent of persons with ventricular enlargement were moderately to severely

impaired. In contrast, 68% of persons without ventricular enlargement had good

* ~recovery. 24 The ventricular enlargement in the greatest majority of these patients was

a result of loss of brain substance, particularly white matter (hydrocephalus ex vacuo).

Before certifying applicants in whom ventricular enlargement has developed, as

demonstrated by serial CT scans, the FAA must wait at least two years to assure that

* the ventricular enlargement is not progressive. Certification of these individuals

R" depends on the results of a thorough neurological evaluation including EEG, psychometric

tests and perhaps a flight simulator test.
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Obstructive hydrocephalus is a rare complication. The progressive ventricular

dilatation is caused by adhesions in the subarachnoid space. The symptoms are delayed

and usually are manifestations of increased intracranial pressure, such as decreased
mentation, lethargy and headaches. These persons must be shunted, and therefore are at

great risk for shunt malfunction with sudden increase in intracranial pressure, and
therefore are disqualified permanently.

Normal pressure hydfocephalus, or communicating hydrocephalus, develops in

approximately one to two percent of persons with head injuries. This condition occurs

late, usually after the person has, for the most part, recovered from his injuries. The

clinical triad of mental changes, gait apraxia and urinary incontinence is characteristic

of this condition.2 3 Because shunting procedures are the only treatment. the candidate

is disqualified permenantly.

Intracranial hematomas

The incidence oi intracranial hematomas in persons with h'3ad injuries who are

admitted to the hospital is approximately 1.2%, with an annual incidence rate of 4.5 per

100,000 population. 2 5 Approximately Z5% are extradural only, 31% subdural only, 9%

both extra and subdural, 23% subdural and intracerebral, and 13% intracerebral only.

Ninety percent of the hematomas are supratentorial in location and the remainder are in

the posterior fossa. Excluding the posterior fossa hematomas, the one with the best

prognosis for moderate or good recovery is the epidural clot followed by the extradural

and subdural hematomas. Subdurals have the worst prognosis because of other associated

brain injuries. Intracerebral hematomas also carry a poor prognosis for full recovery.

Unfortunately, follow-up studies on persons with hematomas have beez carried out only

for short periods of time, for example, two years. Long-term follow-up would be helpful

for aeromedical disposition.

MI1N
% Based on the literatur,. oersons with the fo.lowing hematomas may be considered
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for special issuance certification:

1. Uncomplicated epidural hematoma without evidence of other complicaticns

as determined by neurological examination, EEG, serial CT scans or MRI,

and neuropsychological examinations. The applicant may be considered two

years after injury. The incidence of post-traumatic conwvtusions with

uncomplicated epidurals is low.

Z. Because acute subdural hematomas and intracerebrai clots have high risk of

late seizures, persons with these conditions should not be considered for

certification until ZO years has elapsed from the time of injury and all

neurological investigations are normal. (See section on epilespy).

3. Persons with postehior fossa sub- or epidural hematomas may be considered

for special issuance two years after the injury, provided a complete L

neurological investigation including a CT scan or MRI, shows no disqualifying

abnormalities.

Chronic subdural effusions, hygromas and hematomas

Up to one half of persons with chronic subdural hematomas have no history of

trauma. These persons usually are elderly or chronic alcoholics, epileptics, and

individuals on anti-coaguation therapy. Chronic subdural hematomas are rare after

severe impact injury probably because the acute subdural hematomas are diagnosed

early. If an applicant with a history of chronic subdural hematoma presents for

certification, he or she may be considered for special issuance if a period of at least five

years has elapsed since either medical or surgical treatment, he or she has had no

seizures, he or she has no other disqualifying conditions as determined from the results ofI. a neurological and/or neurosurgical consulta.tion, EEG, CT scan and neuropsychological
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studies. This recommendation ,f:rtai, also to subdural hygromas whether they have

been treated by surgery or not, Some subdural hygromas may resolve spontaneously.

Applicants with a history of subdural effusions in infancy and childhood, who

otherwise are neurologically norm.,". as determined by the aforementioned tests, may be

considered. for certification. Mai of these porsons have significant brain damage as

well as seizures. However, it has been reported that approximately one half of these

persons may develop normally.
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Sleep and Arousal Disorders

Introduction

Of all conditions that compromise flight safety, the disorders of sleep and arousal

may be the least recognized. Whereas sudden incapacitation may occur with narcolepsy

and cataplexy, the insidious and subtle mental and physical changes associated with other

sleep and arousal disorders are just as devastating. The diagnsotic problems are very

complex, since these disorders bridge the disciplines of psychiatry, neurology, and

internal medicine. The causes are multiple, there are no anato'oical or biochemical

markers, and diagnoses are based on historical information aue, confirmed only in aome

cases by physiological tests stoch as polysomnography. However, regardless of the cause,

the ultimate result of these conditions is an impairment of psychomotor performance.

The neurological deficits accompanying structural diseases of the central nervous

system that way cause alterations in the sleep-wake cycles, such as trauma, cerebral

vascular accidents, infections, and tumors, are by themselves sufficiently impairing to

disqualify the candidate. Therefore, only those sleep disorders due to nonstructural

diseases and that are most frequently referred to the neurologist will be considered.

Sleep disordera a.sociated with psychiatric and medical diseases are discuassed in other

chapters in this report. There are a number of excellent review articles on sleep and

arousal &isorders.1 -4

Criteria for diagnoais

Diagnostic criteria are often difficult to establish. Complaints of in,-'•.omnia or

excessive sleepiness would suffice in rme instances. However, in some individuals the

problem is transient and situational and requires no further evaluation. In others, the

complaint ýs chronic and more serious. In addition, other symptoms such a. personality'

changes, diminished mental performance and motivation, slowness of thnught. sexual
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difficulties, or headaches may be a result of sleep disorders; it is only after a careful

history of sleep habits and other medical conditions that sleep abnormalities may be

implicated as the cause. The FAA should become familiar with the various sleep

questionnaires used in sleep centers for evaluation of persons with suspected sleep

disorders.

Classification

The diagnostic classification of sleep and arousal disorders presently in use 5 is in

the process of revision; no publicatiewn date has beer set. The following is a list of those

disorders that may present as -.-eurological diagnostic problemns.

A. Disorders of Initiating and Maintaining Sleep (Insomnias)

1. Associated with sleep induced respiratory impairment

2. Asscciated with sleep related myoclonus and "restless legs"

U. Disorders of Excessive Somnolence

1. Associated with sleep induwed respiratory impairment

2. Associated with sleep related myoclonus ancr "restless legs'

3. Narcolepsy

4. Idiopathic CNS h'vpersomnolence

C. Dysfunctions Associated with Sleep, Sleep Stages or Partial Arousals

(Para'omnias)

i. Sleepwalking (tomnambuiism)

i. Sleep terrors (pavor noctttrnus)

3. Sieep relatid enuresis

4. Other dysfuncrticn.

a. Sleep related epileptic seizures

"b. Sleep relatee headaches
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Fifty-one percent of persons referred to sleep disorder clinics suffer from

hypersomnia, 31% from insomnia and 15 % from parasomnia. Of those with hypersomnia

43% have sleep apnea, 25% narcolepsy, and 9% idiopathic CNS hypersomnia.6

Sleep apnea

Persons with sleep apnea may present with insomnia and/or excessive daytime

sleepiness. Because of the latter they are frequently misdiagnosed as having

narcolepsy. The sleep apnea syndromes have been divided into central, obstructive and

mixed.

Insomnia is the major complaint of persons with tL•. central type. They awaken

many times during the night with a chokiag sensation, anxious feelings and grsping for

air. They usually do not nap durirg the day. Persons with obstructive sleep apnea suffer

from excessive daytime sleepiness. During sleep, long pauses in respirations are

interruptcd by loud snoring. On awakening these persons may be disoriented for several

minutes. Early morning headches are not uncommon and hUdlucinations or misperceptions

may occur during the day when the person is drowsy. Thus, they way suffer from mental

disorders. Also, alcohol ingestion may increase the severity of obstructive sleep apnea.

Unlike persons with central apnea, who have normal or below normai weight,

persons with obstructivc apneas may be overweight, and have short, fat necks. The sleep

apnea syndromes, particularly tL- obstructive type, may be associated with

hypothyroidisra, acromegaly, micrognathia, baEilar invagination, platybasia, neck tumors,

enlarged tonsils and adenoids, and c"hens deiormities. Major complications of sleep apnea

are cardiac a-rh!ythmias, ,'hich can be life threatening, and hypertension.7"8

Applicants with a diagnosis of sleep apnea should be disqualified permanently from

flying. A possible exception is when the apnea is secondary to a treatable disease, such

as enlarged tonsils or adenoids or hypothyroidism. In these cases, a decision to return to

flight status must depend on the recommendations from an accredited sleep disorder
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laboratory following a thorough evaluation, including polysomnography.

Sleep related myoclonus and "restless legs"

As defined by Coleman et al, periodic movements in sleep (PMS), also known as

noctuenal myoclonus, are stereotyped, repetitive, nonepileptiform movements of one or

both lower extremities occurring primarily in non-rapid-eye-movement (NREM) sleep. 9

These shou1 2 not be confused with sleep jerks (hypnic jerks), which are single and sudden

wayoclonic ",•rks that occur on falling asleep and which are normal. Nocturnal myoclonic

jerks occur rpproximately ever 30 seconds and last 1.5 to 2.5 seconds. They may persist

for a period of several hours. The contraction consists of extension of the big toe and

partial flexion of the ankle, knee and sometimes the hip. Nocturnal myoclonus is

associated with insomnia and hypersomnolence. Therefore, it is not a distinct disorder,

but only one part of a number of sleep-wake disorders. It may be confused with sleep

epilepsy; however, the history and electrophysiologic studies distinguish between these

two conditions.

The restless legs syndrome (RLS) may or may not be associated with PMS. 10

Persons with RLS comr•plain of an uncomfortable dysasthetic, creeping sensation in their

legs that appears only at rest. For example, at bedtime, in order to obtain relief, they

frequently have to move their legs continually or pace around the room. Onset of sleep

is delayed and the person suffers from insomnia. RLS has been reported in a number of

conditions, such as iron deficiency anemia, folate deficiency, peripheral neuropathies,

*i uremia, and diabetes mellitus. !t has been reported as occurring in families. 1 1

Candidates with a history of RLS are disqualified from flying unless the cause for their

problem has been defined and permanently cured and the sleep disorder secondary to the

syndrome has resolved. Clonazepam (ClonapenR) has been used to - ntrol "the restless

legs." Airmen taking on this medicine should not be allowd to fly because of its sedative

effects.

IV - 367



0
Narcolepsy

Narcolepsy is a disorder of excessive daytime somnolence characterized by

irresistable sleep attacks, which may occur either as the only symptom, or in

combination with the other features, such as cataplexy, sleep paralysis and hypnagogic

hallucinations (the "narcoleptic tetrad"). Automatic behavior and lapses of memory have

been reported.lZ Some persons complain of blurred or double vision and droopy eye

lids. The prevalence rate of narcolepsy is 4:10,000 persons. There is evidence of a

genetic transmission via an autosomal recessive trait since relatives of index cases

having a 60-fold greater risk of having the condition than the general population.

Narcolepsy usually becomes manifest toward the end of puberty. Eighty percent

of all persons with narcolepsy develop their first symptoms by age 35 years. Cataplexy

will develop at some point in approximately 85% of cases. Sleep paralysis occurs in 70%

and hypnagogic hallucinatioas in 50% of persons with narcolepsy and cataplexy. The

characteristic physiological abnormality is REM-onset sleep, which is found in over 90%

of persons with narcolepsy and cataplexy. Without the symptom of cataplexy, only 10%

of narcoleptics have REM onset sleep. It is these persons who represent the most

*difficult diagnostic problem, although, over a period of time, at least one of the other

symptoms develops.

Narcolepsy is a chronic, unremitting disease. Applicants with a diagnosis of

narcolepsy, even if treated with medications* should be permanently disqualified from

flying. A family history of narcolepsy is not by itself disqualifying; however, the airman

with a family history should be evaluated on a regular basis for symptoms of this

disorder. 13
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Idiopathic CNS hypersomnolence

This disorder is characterized by excessive daytime sleepiness and is often

confused with narcolepsy. However, the sleep periods are deeper (stages 3 and 4) and

much longer. In addition, the other symptoms of the narcoleptic tetrad are lacking.

During the waking state, polygraphic monitoring has shown brief periods of "micro-

sleep." When sleep is resisted, automatic behavior may occur. This disorder may be

associated with migraine, syncope, and Raynaud's syndrome. There may be a familial

predisposition. In contrast to narcolepsy, this conditon does not respond readily to CNS

stimulants. It is also chronic and applicants with this condition should be disqualified

permanently.

Parasomnias

Somnambulism is usually a disorder of childhood and adolescence. It is reported

that 15% of all children experience one or more sleepwalking episodes, and frequent

attacks occur in 1% to 6% of children.' Although usually limited ovly to childhood,

somnambulism may recur in adulthood, in which case it is associated with psychiatric

disorders. 14 Somnambulism is also frequently associated with sleep related enuresis,

sleep terrors and sleep drunkeness. In childr-n, with this disorder, there is an increased

incidence of convulsive disorders, CNS inlectixns and head trauma. 5

An applicant with a history of these disorders in childhood may be certified

provided there are no other asmcciated neurological conditions. If the episodes recur in

adulthood, then a psychiatric consult must be obtained before granting certification.

"Sleep walking may be confused with sleep epilespy, particularly complex partial seizures,

because of persevering motor acts, automatisms and amnesia. If there- are any questions

about other causes for sleep walking episodes, then the applicant should be referred to

either a neurologist or an accredited sleep diagnotic laboratory.

Spavor nocturnus) u9ally be in childhood and disappear in early

IV- 369



adolescence. When they begin in adulthood, they usually occur between ZO years to 40

years of age. The terrors occur in the first third of the night when the individual is

aroused from deep NREM sleep. Because of a terrifying scream that signals the onset,

the panic and confusion that follows as well as autonomic signs such as tachycardia and

mydriasis, the episodes may be confused with epileptic seizures. An applicant with

confusing symptoms should be referred to a neurologist or an accredited sleep laboratory

for evaluation to rule out epilepsy. Persons with sleep terrors persisting or beginning in

adulthood should receive psychiatric clearance before being certified. i5

Sleep related enuresis occurs in approxmately 10% to 15% of children. In most

cases, it is idiopathic and resolves spontaneously by puberty. Enuresis may also be

secondary to structural disease of the genitourinary tract or nervous system. The onset

of sleep enuresis in adulthood should alert the FAA to structural causes, psychiatric

disorders, or drugs.

A history of enuresis in childhood is not diqualifying unless it is caused by a

neurological disease cr is associated with nocturnal epilepsy. With the former, other

neurological deficits such as mental retardation or paralysis are often present which, by

themselves, would be disqualifying. With the latter, other historical information will

suggest the cau.-i.

Sleep enuresis in the adult is a cause for concern. If dieases of the genitourinary

system have been ruled out, then the candidate should have a thorough psychiatric and

neurological evaluation. Incontinence and/or sleep enu., -. v be the initial

manifestation of potentially serious neurological diseases.

Other conditions

Approximately 6% of petsons with epilepsy will have seizures only in sleep. The

seizures usually are infrequent, of the generalized type, and. are responsive to anti-

convulswat therapy. Approximately 11% to 30% of persons whose initial seizures occar
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K only during sleep will develop daytime convulsions within the first six years after the

initial nighttime seizure.17,18

Therefore, persons with a history of seizures occurring only during sleep are

disqualified unless the they have been free of seizures and off medication for 20 years

and the results of the neurological exam and EEG are normal.

Migraine, and especially cluster headaches, may awaken a person from sleep. This

usually occurs during the REM and post-REM sleep periods; therefore, sleep disturbance

is most pronounced toward the end of the sleep period. Cluster headaches may awaken a

person irom sleep on a nightly basis for several weeks. Therefore, duster headaches may

cause excessive daytime somnolence. Certification is dependent on the guidelines

established for headaches (see below).

Sleep laboratories

Within the last 10 to 15 years there has been a proliferation of laboratories for the

polysomnographic evaluation of individuals with sleep disorders. A list of the accredited

centers is available from the Association of Sleep Disorders Centers. There are now 23

accredited centers with multidisciplinary expertise, and Z5 more centers hold

probationary status. 19 In evaluating the results of sleep laboratory investigations, it is

extremely important that the FAA be knowledgable about tl'• competency of the various

centers.
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Infectious Diseases of the Central Nervous Sysem

Introduction

Infectious diseases of the central nervous system are caused by such organisms as

bacteria, viruses, fungi, rickettsia and parasites. The signs and symptoms may be a

result of tissue invasion with destruction of brain tissue, or to an abnormal host immune

response, such as post-infectious and postvacci.al encephalomyelitis. The infectious

agent may diffusely affect the meninges, the parenchyma of the brain and spinal cord, or

both. Focal lesions, such as brain abscesses and subdural empyema, may also occur. The

majority of CNS infections are blood-borne; however, spread from contiguous infected

structures such as the mastoid, may aLso occur.

Since most of the infectious agents are capable of producing the same clinical

syndrome, from the aeromedical point of view it is not as important to know the

etiologic organism as it is the part(s) and extent of CNS involvement and the

complications and neurological residuals. Before granting a certificate to applicants

with a past history of meningitis, encephalitis or brain abscess, the FAA should obtain all
past records, including the history and reports of neurological examinationi, the CSF

resul'.-, EEG, radiographs, and treatments, including any surgical procedures. In some

instances it may become clear that the applicant did not have a CNS infection; in others

that infection was mild and self-limited, such as as-eptic meningitis; while in others the

diseaso, was more serious, such as encephal" "is, bacterial meningitis or brain abscess. lFor

the serioum diseases, a complete neurological re-evaluation is indicated before a decision

on flying status can be made.

n thisaectiom, the most commonly encounterad clinical syndromes, their minima

criteria for d'agno.'s-, their complications, and the specific aero~nedical problems they

present will be dLiscu-sed. A thorough retiew of CNS infectious diseases may be found in

the book by Moiavi and LeFrock.1 Infectious diseas--cs of the peripheral nervous system,

IV - 374



and muscles will be discussed in another section.

Minimal criteria for diagnosis

Signs and symptoms of diffuse meningeal irritation include headache, nuchal

rigidity, photophobia, and fever. There may also be evidence of diffuse or facal

parenchymal disease, including disturbances of consciousness, convulsions, dysphasia, or

hemiparesis. These signs should be corroborated by appropriate CSF abnormalities with

or without positive cultures, or diagnostic biopsies with or without cultures. For

suspected brain abscesses, subdural effusions, or subdural or epidural abscesses, a

compatible head CT or MRI scan with or without positive cultures or biopsy is sufficient

to confirm the diagnosis.

Acute bacterial meningitis

Acute bacterial meningitis may result during the course of septicemia by

Shematogenous spread of bacteria to the meninges from distant infected organs, such as

the heart or lung, or by extension from infected contiguous !skull or spinal structures,

such as the orbit, sinuses, mastoid or a dermal sinus tract. Bacteria can also enter the

subarachnoid space in penetrating hea- injuries. A)though any pathogenic bacteria can

produce meningitis, Neisseria meningitidis, Hemophiluw influenzae, and Streptococcus

pneumoniae are the most common causative organisms. Bacterial meningitis occurs

more frequently in children than in adults. Irrespective of the pathogen, the clinical

signs and symptom.s are, for the most part, similar. These consist of fever and uigns of

.etungeal irritation. As the disease progresses, signs of cerebral edema and cortical
inflammation develop, including irritability, lethargy, coafu-sion • c Monvulsions (which

are most common in child-eni. Focal signas such as hemiparesis and aphasia. are

secondary to infa-rcts caused -by thrombosis of inflamed arteries or veins. Basilar

inflammations may cause various cramial nerve palsies.

I
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The diagnosis of bacterial meningitis is established by examination and culture of

the CSF. Countercurrent immunoelectrophoresis may also be of help. Approximately

20% of individuals with purulent meningitis will have a sterile CSF. These persons

usually have received antibiotics for severai days prior to the lumbar puncture.z

Bacterial meningitis may occur in ncrmal as well as compromised hosts. The

causative pathogen may alert the physician to the possibility of an underlying systemic

disease, particularly in the adult. For example, meningitis caused by Listeria

monocytugenes or H influenzae in the ad.ilt may be associated with chronic alcoholism,

diabetes, connective tissue diseases, chronic renal diseases, or acquired immunological

deficiency states. Anaerobic meningitis may be secondary to chronic otitis media with

mastoiditis, chronic sinusitis, head trauma, head and neck neoplasms, and

immunosupressed conditions. Staphylococcus aureus meningitis may be secondary to

endocarditis.

Approximately 5% to 30% of children who recover from acute bacterial meningitis

have neurological complications or persistent residue.3 which can be categorized as

follows:

1. Complicatioas

a. subdural effusions

b. hyd rocet..ha.us

c. brain abacess

Z, Persistent residua

a. mental retardation

-nkb. psonality disorders or other paychiatric disorders

c. seizure disorders

d. visuai, language anid motor impairmeat

le. cranial nerve pa?,iies
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Complications usually occur in infants and children and are discovered when the

child fails to respond to appropriate antibiotic therapy. Of possible concern to aviation

is hydrocephalus, which may be slowly progressive and which may eventually evolve into

the normal pressure hydrocephalus syndrome of dementia, gait apraxia and urinary

incontinence. Unfortunately, serial head CT scan studies during both the acute phase and

long term follow-up periods are limited; these studies show that progressive ventricular

enlargement can occur. 4 -6

Of the peristent residuals, seizure disorders and cranial nerve palsies deserve

special attention; the others are usually obvious and do not present serious problems

concerning disposition.

SeLiures during the acute phaze, particularly in children, are not uncommon. In

some individuals they may result from cortical damage caused by brain infarction,

necrosis, abscess formation, or subdural effusions or empyema. In others, they may

result from metabolic abnormalities, such as hyponatremia. Usually it is impossible to

implicate one delinite cause. Data are not available on the percentage of persons with

seizures during the acute phase who persist in having attacks after recovery. There is

also no information on the percentage of persons without seizures during the acute illness

who later develop pst-meningitic epilepsy. Persons who subsequently develop epilepsy

are most often tai most seriously ill, who have prolonged periods of altered states of

consciousness and signs of fccal cerebral hemisphere damage, such as hemipavesis. Thus

it is appropriate to apply tle guidelines established for seizures and head trauma to those

p•asons most seriously VJ with an intracranial infection.

Although any :ranial nerve may be permanently damaged in acute bacterial

meningitis, the 8.h cranial neve. is the most vulnerable. Six percent to 30% of children

will suffer permanent iLearing loss. 7 Therefore, in evaluating applicants with a history of

bacterial meniairtis, a careful audiological examination must be performed.

Because th. opkik. (cranial nerve 2) as well as the oculomotor nerves (cranial
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nerves 3, 4 and 6) might be damaged, a thorough ophthalmologic evaluatiron is indicated.

Other cranial nerve abnormalities, such as peripheral 7th nerve par-esis, should be

evaluated for the potential to compromise flight safety.

The articles by Feigin et al,8 Sangster et al,9 Davey et al,0 Cherubin et all and

Geisler et allZ are excellent reviews of acute bacterial meningitis.

Aeromedical Disposition

An applicant with a history of definite or presumed bacterial meningitis, who has

* no history of seizures, may be considered for licensure two years after r-ecovery, at

which time the medical and neurological examinations should be normal and the

audiologic and ophthalmologic examination should wreet minimum standards. For some

persons neuropsychological teats and a head CT scan or MRI may be indicated. If there is

y a history o4 prolonged •. ,spo.osiveness during the acute illness, or signs of focal

neurological deficit, the applicant should wait 10 years from the acute event. (See

section on post-traumatic epilepsy.)

For persons with a history of definite or presumed bacterial meningitis who also

had seizures during the acute episode, the guidelines for early post-traumnatic epilepsy

.should be followed.

Persons with post-mieningitic seizures only, must be seizure free and off anti-

convulsants for 20 years. The guidelines in the section on epilepsy should be followed.

Subacute or chronic infectious meningitis

This form of meningitis is usually caused by the tub*.rcle bacilli or mycotic

organisms. Other associated diseases are leptospirosis, sarcoidosis, syphilis, brucellosis,

nocardia, and toxoplasmosis. Immunosuppressed persons and those with chronic diseases

such as diabetes are at risk for this form of meningitis. The neurological complications

and residua are similar to those of acute bacterial meningitis; however, they are more
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* common, since subacute or chronic meningitis also frequently involves the brain

parenchyma. Communicating hydrocephalus may be more frequent. 13

The guidelines for certification are the same as for acute bacterial meningitis.

Because of the association of this type of meningitis with chronic diseases, a thorough

medical evaluation is also required.

Recurrent meningitis

Recurrent episodes of infhctious meningitis are most frequently the result of

seeding of the meninges from parameningeal inflammatory foci. Congenital dermal

defects, osteomyelitis of the skull or spine, cerebrospinal fluid fistulps, and chronic

sinusitis and otit~s media are among the most common causes. Iwmuivdeficiency

conditions and previously irkadequatz! treatment f.r acute, subacute and chronic

meningitis may also cause recurrence. Mollaret's meningitis, a rare, recurrent and poorly

understood cause of benign azeptic meningitis may also be responsible.

Befor applicants with a history of recurrent episodes of inlectious meningitis may

b-. certified, the cause of the condition must be determined and corrected. In addition,

the other medical and neurological criteria for infectious meningitis must be satisifed.

Aseptic weningeal reactions

Signs and symptoms of meningeal inflammation with sterile CSF cultures may be

secondary to parameningeal infectious foci, seeding of the subarachnoid space from

primary or metastatic tumors, connective tissue disorders, or from the introduction of

foreign substances, such rv dyes, drugs or blood, into the CSF. With parameningeal foci

and primary tumors the attacks may be recurrent. Aeromedical certification depends on

first establishing the cause and then applying the guidelines for that particular entity.
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Aseptic meningitis

Aseptic meningitis is a nonpyogenic inflammation of the meninges, usually a result

of enteroviruses, although it has been reported with mumps, lymphocytic

choriomeningitis, Epstein-Barr virus and arboviruses. Of the 3000 to 4000 cases reported

annually, approximately only Z5% are etiologically defined. The major symptoms and

signs are fever, headache, malaise, nuchal rigidity, and photophobia. The disease is self-

limited and the person with the disease usually recovers within several weeks. A pilot

may return to flight status two to three months after the symptoms have subsided as long

as the physical examination is normal. A repeat lumbar puncture is not indicated at that

time. If syrnptoms persist after one to two weeks, and/or if there are signs or symptoms

of parenchymal involverient, )ther causes should be considered. The examining physician

must be awar ý -f involvement of other organs, such as the heart or liver, in the disease

process.

Acute viral encephalitis

Of the approximately U0O0 cases of viral encephalitis reported each year, a

specific agent is identified in only 30% to 611%. Herpes simplex encephalitis is the most

common nonseasonal, sporadic form reported La the United States. Epidemics are usually

caused by the arthropod-borne togavi"-us.. A list of the major encephalltik virusei is

found in Table 1.

The viral encephilitides Eway occur in otherwe normal iodividuals as well as in

persons with immunodeficiency conditions (see st..:tion on AIDS). There are no

distinguishing clinical or cerebrospial fluid abnormalities that permit an etiological

diagnosis; this deiend.s on positive serological tests o- cultures. Alteratiop- of

consciousness, convulsions, myoclonus, focal nei-ological de.*icits, aphasi;, fever, nausea

and vomniting, and nutcal rigidity characterize most viral encephalitides. In herpes

simplex encephalitis the signs and symptoms can wimick an acute temporal lobe mass
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TABLE I MAJOR ENCEPHALITIS VIRUSES

Approx Number

Virus Virus Group Distribution Cases Yearly

Herpes simplex type I Herpes Worldwide 100-1000

Epstein-Biarr Herpes Worldwide 10-100

Cytomegalovirus Herpes Worldwide ?

Varicella-zoster Herpes Worldwide 50-200

Eastern equine encephalitis Toga(Alpha) N & S America 0-12

Western equine encephalitiA Toga(Alpha' N & S America 3-50

St. Louis encephalitis Toga(Flavi) N & S America 20-2500

California (LaCrosse) encephalitis Bunya United States 50-200

Venezuelan equine encephalitis Toga(Alpha) N & S America 0-5

Japanese encephalitis Toga(Flavi) Asia 0

Murray Valley encephalitis Toga(Flavi) Australia, New Guinea 0

Rabies Rhabdo Worldwide* 0-1

Mumps Parixmyxo Worldwide 5-50

Measles Parimyxo Worldwide 0-20

Polio Picorna Worldwide 0-20

• oxsackie Picorna Worldwide 0-20

Echo Piconma Worldwide 0-20

*Excluding Great Britain

source: REF 14
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because of the predilection of the herpes type 1 virus to invade rhinencephalic

structures. Herpes encephalitis is one of the few encephalitides in which red blood cells

are found in the CSF.

Although the data vary somewhat from virus to virus, permanent neurological

sequelae occur in approximately 25% to 50% of persons with viral encephalitis. These

abnormalities include seizures, behavioral changes, mental retardation, hemiparesis and

coordination defects. In addition, MRI may show temporal lobe shrinkage. Complete

neurological recovery after herpes type 1 encephalitis is so unusal that this does not

present a problem for medical certification at this time.

The major aeromedical problem in granting a medical certificate to an applicant

with a definite or presumed history of an acute viral encephalitis is the question of

postencephalitic seizure disorder. Seizures occur in approximately 25% of persons during

the acute phase. However, data are not available on what is recurrence or occurrence of

late seizure(s) in persons who did not experience them during the acute disease. It is

known that in Z7•* of persons with seizures between the ages of one month and 21 years,

infection is the etiology. Therefore, the guidelines established for acute bacterial

meningitis are also applicable to acute viral encephalitis.

Chronic viral encephalitis

The c-onic viral encephalitides, or slow virus infections, such as subacute

sclerosing panencephalitis, progressive rubella panencephalitis, and progressive

ji, multifocal leukoencephalopatby are so neurologically devastating that they do not

present a problem for aeromedical certification.

Parainfectious encephalitis (vasculomyelinopathy)

This entity is thought to be caused by a hypersensitivity reaction to an acute viral

illness or vaccination. It is estimated that as many as ZO% of encep•haI"is may be of this
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type. The symptoms begin four to 14 days after an infectious illness or vaccination, are

similar to those fo acu.4 viral encephalits and are related to the portion of the nervous

system most severely involved.

Parainfectious encephalitis has been subdivided into disseminated

encephalomyelitis, acute hemorrhagic leukoencephalitis, transverse myelitis, and acute

cerebellar ataxia. These syndromes are most frequently associated with the common

viral exanthems, mycoplasma, bacterial infections, infectious mononucleosis, mumps,

influenza, leptospirosiss upper respiratory and other obscure febrile illnesses, ani

vaccinations.

With the exception of measles, the neurologic sequelae of these syndromes are

less frequent and severe than those of the acute viral encephalitidies. Applicants with a

history of a parai7fectious syndrome require a complete neurological evaluation before

being granted a certificate. Those applicants with acute cerebellar ataxia or transverse

myelitis may be certified after recovery, provided they satisfy all other neurological

criteria. Because of the high incidence of seizures with disseminated encephalomyelitis

(37%) and acute hemorrhagic leukoencephalitis in the acute phase, the guidelines listed

for the acute viral encephalitides should apply to applicants with history of these

disorders. Those applicants whose disease was related to immunizations should not

receive further immunizations.

Post infectious encephalopathy (Reye'3 syndrome)

This is a disease of children characterized by encephalopathy and fatty infiltration

of the viscera, particularly the liver. It most frequently follows influenza and varicella

infections, although it can follow a host of other viral diseases. The majority of the

su•ri• •=- are neurologically intact. Although convulsions may occur in the acute episode,

there mre no reports of recurrence. An applicant with a history of Reye's syndrome wi y

be issued a medical certificate if found to have no neurologic deficits. Reviews of viral
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Sencephalitides m,,,- be found in publications by Johnson, Weiner and Fleming, Kennard

and Swash, and Evans.15- 1

Brain abscess

Brain abscess may result from a hematogenous spread of infection in otherwise

normal individuals, or in individuals with cyanotic cc .-.nital heart disease, or in persons

with pulmonary diseases, such as lung abscesses or bronchiectasis. Other sources for

hematogenous spread are septic abortions, tooth and facial infections, and chronic foci

such as osteomyelitis. Subacute bacterial endocarditis is a rare cause. Abscesses may

also result from spread from infected contiguous structures, such as the mastoid, and

from penetrating brain injuries or following neurosurgical procedures. Ten percent of

abscesses are multiple, and 80% to to 90% are supratentorial. Most of the supratentorial

abscesses resulting from hematogenous spread are located within the distribution of the

middle cerebral arteries. Posterior fossa abscesses are found most frequently in the

cerebellum, usually as a direct extension from the mastoids. Rarely are they found in

the brain stem.

The signs and symptoms are related to location. In some cases they may also be

related to increased intracranial pressure due to a mass, cerebral edema or

hydrocephalus. Generalized or focal seizures are not uncommon with supratentorial

lesions. The diagnosis of abscess is suggested by a head CT scan and confirmed by

neurosurgical intervention. The most common organisms isolated are streptococcus; S

aureus-; gram-negative anaerobic bacilli, particularly Bacteriodes fragilis; and gram-

negative aerobic bacilli. Multiple organisms are not uncommon. Approximately 30% of

cultures are sterile. Abscesses may also be caused by Nocardia and various fungi, as well

as by parasitic infection. Opportunistic infections such as toxoplasmosis, cryptococcus,

Candida albicans and bacteria of low virulence should alert the physician to an

I immunodeficiency state. Therapy is usually drainage or excision with appropriate
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antibiotic treatment. There have been recent reports of success with only medical

treatments. l9,ZO

The neurological residual in persons treated either medically or surgically are

focal deficits from cerebral, cerebellar or brain stem damage; seizures; and mental and

personality changes.

Additional information may be found in articles by YangZ1 HarrisonZZ and

Kaplan.Z
3

Guidelines for aeromedical disposition are the same as for meningitis and

encephalitis when the abscess is located in the cerebral hemispheres. A history of

multiple abscesses is permanently disqualifying. For persons with cerebellar abscesses,

return to flight status may be considered only if the cause for the abscess, such as

mastoiditis, has been cured, there are no disqualifying neurological residuals that would

compromise flight safety, and hydrocephalus is not present. Return to flight status after

a two year wait seems appropriate. A complete medical and neurological evaluation is

necessary not only to detect residuals, but also to find the source of infection. There is

an increasing incidence of brain abscesses in IV drug abusers.

A collection of pus in the subdural space (subdural empyema) is a rare condition
usually resulting from trauma, septicemia, or extension of an infection from the

sinuses. An aerobic streptococcus is the most frequent pathogen. The course is usually

acute and fulminating. Even with early recognition and treatment, neurological residuals

are. common. The guidelines for menigitis are applicable to this condition.

• S-nal epidural abscesses result from direct spread from vertebral osteomyelitis or

other contiguous structures or from hematogenous spread, particularly from furuncles or

other septic foci such as the teeth and tonsils. In many cases, the cause cannot be

determined. Depending on the organism, the course may be acute or subacute. Fever,

pain and localized spinal tenderness, and signs of spinal cord compression are typical

features. Persons with chronic debilitating illnesses and heroin addicts are predisposed
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to this condition. Treatment consists of drainage and appropriate antibiotic therapy. S

aureus is the most frequent pathogen.

Aeromedical disposition depends on identification and successftJ teattaent of the

source and the abscess, and the absence of spinal cord dysfunction that would

compromise flight safety. If all of the above are satisfied, an applicant may be c~rtif~ed

following a complete neurological evaluation, performed one yea-- af.ter recover-.

Venous sinus thromboses are exceedingly rare, and have such devastating

neurological residuals that they should not present any disposition problems.

Acquired immunodeficiency syndrome (AIDS)

Approximatey 40% of individuals with AIDS have neurological complications. One

third of these persons present because of the neurological abnormality, The most

frequent CNS complications are infectious in etiology. Neoplasms, vascular diseases and

peripheral nervous system disease are not as common. Of the viral syndromes, the most

frequent is a subacute encephalitis, followed by a typical aseptic menigitis and herpes

simplex enceplialopathy. Of the non-viral izfections, Toxoplasma gondii and

Cryptococcus neoformans are the major offenders.

The finding of opportunistic organisms in persons with CNS infections sho-ild alert

the physician to the possibility of AIDS. To date, this is a fatal disease. The candidate

with AIDS is permanently disqualified from flying (see also hematology section).Z3,Z4

Neurosyphilis

Neuroeyphilis today is a rare disease; it is estimated that two new symptomatic

cases per 100,000 persons will occur each year. This disease should always be considered

in the differenital diagnosis of meningitis, meningovasculitis, dementia, zad spinal cord

diseases. An applicant with a diagnosis of vascular syphilis, general paresis or tabes

"dorsaLs is disqualified from flying, irrespective of arrest of the disease with appropriate

IV - 385



antibiotic therapy. The neurological deficits at the time of diagnosis and the initiation

of treatment %re such that they would jeopardize flight safety. The only possible

exception is acute meningitis that way occur with the rash of secondary syph-Is. If the

disease is arrested by appropriate therapy, and there are no other disqualifying

neurological sequelae or complications, then the applicant may be considered for

certification two years after recovery. This decision should be based on a complete

neurological evaluation including CSF analysis. The airman should then have yearly

evaluations.

Perhaps the most difficult diagnostic problem is the evaluation of a positive non-

treponema serologic test, such as the VDRL, in an otherwise asymptomatic individual.

Transient false positive tests may occur with acute infections or pregnancy. Persistent

false positive tests occur in persomns with autoimmune diseases such as' lupus

erythematosus and other collagen vascular disorders. Approximately 55% 'false' positive

vDRILs are of unknown cause.

The FTA-ABS test is a specific test for detecting specific antibodies to

Treporema pallidum. The test is more specific and sensitive than the VDRL, although

false posizi'e reactions have been reported. It has also been documented that if the

blood FTA-A43S reaction is negative, the CSF reaction will be the same, thereby

excluding central nervous system syphilis.

Therefore, h the blood VDRL is positive and the FTA-ARS is negative, a CSF

examination is not required. If both are positive and a cause of the false positive

reactions is not de-term.ned, a CSF analysis must be performed. If the CSF FTA-ABS is

positive, irrespective ot other changes in the CSF, sach a3 pleocytosis or elevation of the

protein, it must be assumed that the CNS has been invaded by T pr-lidum and the person

must be treated accordingly. Provided that the neurological evaluation, including

neuropsychological studies, is normal, an -pplicant with these laboratory findings and

treatment history may be certified. A CT scan way be indiczted, particularly if other

4
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abnormali ies are present. The applicant should be evaluated annually thereafter until a

neurology consultant determines that the disease is inactive. 2 5

Progressive multifocal leukoeucephalopathy (PML)

Progressive multifocal leukoencephalopathy is a subacute demyelinating disease

caused by the ubiquitous papovirus. Symptoms are insidius at onset, with progressive

paralysis, mental deterioration, visual disturbances, and sensczy abnormalities. In some

persons, brain stem and cerebellar signs are present. CT scan of the head may show

multiple radiolucent defects in the white matter of the brain. Approximately 50% of the

persons have lympliproliferative diseaaes. PML has also been associated with chronic

disease states such as sarcoidosis, tuberculosis, acquired or drug-induced

immunosuppresaion, and malignancies. Brain biopsy is the only definitive diagnostic

1'c.. There is no treatment and the patients usually die within three to 6 months after

. onset, aluac-hgb remissions have been reported. Therefore, diagniosi of PML is

disqualifying.
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Demyclinating Diseases

Multiple scleE'oss

Introduction

Multiple sclerosis (MS), a primary demyelinating disease of the central ntrvous

system, is one of the more frequent causes of neurological impairment in the adult. The

overall prevalence rate in the United States is approximately 58/100,000 with the highest

rates reported in the northern tier states. Higher rates are reported in first degree

relatives of persons with MS; however there is no conclusive evidence that MS is a

genetically determined disease. Females are slightly more affected than males. The

cause is unknown, although rjpidemiologic data suggest that it may result from an altered

cell-mediated immune response to an environmental cause, pe" aps a virus, acquired

befcre the age of 15 years. The average age of onset of MS is 33 years, and symptoms

only rarely first appear befor'i the age of 15 years or after 50 years. A mean delay in

diagnosis from 1 year for acute-type MS to 10 to 1Z years for the other types has been

reported.
1

Multiple sclerosi. is the third most common cause (after trauma and

rheu-zatologic disorders) of severe impairment between the ages of 15 years and 60

years. With improved methods of treating complications, the average survival has

increased from Z5 years to 35 years in the last several decades. Life expectancy of

persons with MS remains only slightly le~a than ft,- the normal poplation.Z,3

Clinical presentation

The seraration of signs and symptoms in time and location is the hallmark of the

* cli4.cal presentation of MS. In Table I the initial symptnms, course and clinical category

in 461 patients are tabulated. 4
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TABLE I

INITIAL SYMPTOMS, CLINICAL COURSE, AND PREDOMINANT CLINICAL CATEGORY IN 461 MS PATIENTS*
S~ Frequency

Women TOTAL
(n = 279) Men (n-182) (n=461)
No. % No. % No. %

Symptom

Visual loss in one eye 54 18 24 13 78 17

Dou'tle vision 27 10 35 19 62 13

Disturbance of balance and gait 38 14 45 25 83 18

Sensory disturbance in limbs 72 26 79 43 151 33

Sensory disturbance in face 10 4 6 3 16 3

A...ute myelitis syndrome 20 7 6 3 26 6

Lhermitte's symptom 7 3 6 3 13 3

Pain 5 2 3 2 8 2

Progressive weakness 27 9 18 8 45 10

Clinical course

Relapsing and remitting 164 59 93 51 257 56

16 hronic progressive 67 24 60 33 127 28

Combined 66 24 29 16 95 21

Beni;n 39 14 16 9 55 12

Predominant clinical category

Spinal 128 46 134 74 262 57

Cerebellar 23 8 35 19 58 13

Cerebral 11 4 7 4 18 4

*•These patients satisfied the criteria for clinically definite MS of Schumacher and

colleagues and were seen at the MS clinic. University of Western Ontario, London between 1972 &

source: REF 4
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Persons with MS usually complain initially of impairment of vision or other ocular

disturbances, difficulties with gait and coordination, loss of sphincter control, fatigue,

dysarthria, and vague sensory symptoms. Specific signs or symptoms that strongly

suggest the diagnosis of MS in the young adult are acute optic neuritis, internuclear

ophthalomoplegla, Lhermitte's sign, trigeminal neuralgia, and acute transverse myelitis.

Single or multple symptoms may be associated with an attack. The symptoms and signs

associated with acute attacks usually progress over a period of Z4 hours to several days

and resolve within 4 to 8 weeks, generally without residua after the first episode. It is

rare for the impairments to itach their maximums during the first acute episode.

Paroxysmal events of short duration, usually lasting less than 5 minutes, may also

occur in MS patients. These include brief periods of amaurosis, vertigo, dysarthria,

ataxia, diplopia, and sensory disturbances. Two to five percent of persons with MS have

generalized, usually tonic seizures. Symptoms can be exacerbated with an increase of

body or ambient temperature, infectious diseases, fatigue and stress.

Diagnosis and classification

The clinical diagnosis is based primarily on signs and symptoms, and is categorized

into definite, probably and possible multiple sclerosis. 5  Recent technological

advancements, including evoked potentials, CSF immunological assays, and radiographic

techniques such as CT scans and MRI scans of the head improve, diagnostic accuracy, and

a new classification has been proposed. Although it has been developed as a guideline for

research protocols, this diagnostic classification (Table I) will probably be used in

clinical practice in the future.

I
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TABLE 11
CLASSIFICATION OF MULTIPLE SCLEROSIS

A. Clinically definite MS (CDMS)
1. Two attacks and clinical evidence of two separate lesions.
Z. Two attacks; clinical evidence of one lesion and paraclinical evidence

of another, separate lesion.

B. Laboratory-supported definite MS (LSDMS)
1. Two attacks; either clinical or paraclinical evidence of one lesion; and

CSF OB/IgG (Oligoclonal Bands/Immune globulin G).
Z. One attack; clinical evidence of two separate lesions; and CSF

OB/IgG.
3. One attack; clinical evidence of one lesion and paraclinical evidence

of another, separate lesion; and CSF OB/IgG.

C. Clincially probable MS (CPMS)
1. Two attacks and clinical evidence of one lesion.
2. One attack and clinical evidence of two separate lesions.
3. One attack; clinical evidence of one lesion and paracllnical evidence

of another, separate lesion.

D. Laboratory-supported probable MS (LSPMS)
1. Two attacks and CSF OB/IgG

source: Ref 6, as modified from Ref 7

In this classification 'paraclinical evidence" refers to the results of tests such as CSF

abnormalities, evoked potentials and neuroimaging, which demonstate a lesion(s) in the

CNS that may not have produced signs of recent dysfunction, but that may have been

responsible for symptoms in the past. There is no one laboratory marker that is specific

for MS. In addition to lacking high specificity, the paraclinical tests also have varying

degrees of sensitivity, particularly in the early stages of the disease. The hot bath test

has been used in the past to bring out clinical signs; however, with more sophisiticated

tests now available, it is seldom used today.

In Table 111, the probability of finding CSF abnormalities and evoked potentials are

shown.
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TABLE M

CLINICAL CLASSIFICATION OF MS

CSF Abnormality Definite Probable-Possible

Globulin Fraction 60-75% 45-55%
IgG Index 80-90% 56-60%
Oligoclonal Proteins 85-90% 55-70%

Evoked Potentials
Visual 80-90% 35-48%
Somatosensory 70-85% 50-60%
Brain Stem Auditory 50-65% 15-ZO%

source: Ref 8

The oligoclonal bands are the most sensitive CSF test, while the visual is the most

sensitive evoked potential test. Evokid potentials may be abnormal in persons with MS

who have had no clinical signs or symptoms related to the function being evaluated. For

example, approximately 30% to 50% of persons with suspected MS who have no history of
optic neuritis and who have normal ophthalmologic examination will have abnormal visual

evoked potentials.

Neuroimaging techniques are helpful ancillary diagnostic techniques. However,

cost has limited their routine use. Periventricular white matter hypodense lesions, often

multiple, have been reported in 40% to 60% of CT scans of persons with definite multiple

sclerosis. 8 These lesions are often clinically silent, and are usually seen in patients with

severely impairing MS. Contrast-enhanced lesions of the white matter may occasionally

be 3een in patients with acute MS. The CT scan abnormalities are not specific for MS,

and the sensitivity is not as great as with the other studies. In early, mildly impairing

MS, the CT scan of the head is usually normal.

Recent studies have shown that the MR[ scan of the head is much more sensitive

than the CT scan ior detecting MS lesions, especially in the early stages of the disease.

Some invest i;ators feei that MRI may prove to be the single most sensitive test, more so

than CSF analysis and evoked potentials; data to support this are too early to be
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conclusive. 9 "10 For example, Tramo et al recently reported that evoked potentials are

more sensitive than MRI in detecting subclinical MS lesions. 11

The studies to date, although not in total agreement, have shown that the lesions

seen by MRI are most often multiple in the white matter of the cerebral hemispheres,

and can also be seen in the brain stem and/or cerebellum. The MRI demonstrates more

lesions than the CT scan, and often the observed lesions do not correlate with the

person's signs and symptoms, or with the severity of the disease. To date, the MRI has

not be of particular value in detecting abnormalities in the optic nerves or spinal cord.

In addition, it is not possible to determine if the lesions represent active demyelination

or old sclerotic plaques.

In summary, paraclinical trsts have contributed significantly to the capabilities in

of diagnosing MS. However, because they lack high specificity and sensitivity, clinical

assessment will continue to be the most important diagnostic technique.

Clinical course

Because of the marked variability in the manner in which MS expresses itself, it is

impossible to predict the time or frequency of attacks, and when the disease has been

arrested. In Table IV, the disease has been subdivided into four categories according to

course.
12

In the early stage of the disease, the attack rate is approximately 0.5

episodes/year. This gradually drops to 0.25/year in the intermediate yea.2s. In 5% of

persons with MS there is latent interval of several years duration between the first and

second attack. Acute attacks eventually become quite rare or cease; however, the

disease enters a slowly progressive phase. With each successive attack, the degree of

neurological impairment increases. Generally, the course of MS is established during the

first several years oL the disease. A person with frequent exacerbations in this period is

likely to incur severely impairing neurological deficits, while the person with infrequent
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TABLE IV

DISEASE COURSE SEEN IN MULTIPLE ¶ZLRROSIS

Approximate
Type of Course Characteristics Frequency (%)

Benign Sudden onset. One or two mild 20
exacerbations with complete or
nearly complete remission. No
permanent functional disability.

Exacerbating-Remitting Sudden Onset. Symptoms remit 20-30
partially or totally after ex-
acerbations. Long periods of
stability; months, even years.

Remitting-Progressive Same as exacerbating/remitting 40
in the beginning. At some time
during the course, symptoms no
longer remit and disability
slowly increases.

Progressive Insidious onset. Steady 10-20
progression of symptoms.

source: REF 12
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attacks may have only minimal or no impairment. An examining physician must

determine if an attack is a new episode or represents a pseudoexacerbation, that is, a

recurrence of previous symptoms caused by metabolic or physiological influences, such as

increase in body or ambient temperature or stress, on a previously demyelinated area.

Several features suggest a favorable prognosis, although it is impossible to predict

with any great degree of accuracy the ultimate course in any one person. These are: 1)

onset of disease before age 35 years, Z) acute onset, particularly with only one symptom;

3) symptoms that are predominantly sensory, including optic neuritis; and 4) low score on

the 0disability status scale," which is based on functional deficits determined by physical

examination as they relate to the activities of daily living. 13

Features that point to an unfavorable prognosis are: 1) onset after age 35 years;

Z) more than one symptom with each attack; 3) early onset of motor signs, including

weakness and cerebellar abnormalities, especially impaired gait and spasticity; 4)

pyramidal or cerebellar signs present within 5 years of onset of disease; 5) and male sex.

Optic neuritis is the first symptom in 16% to 30% of persons with MS. It is usually

unilateral. The risk of developing definite MS after bilateral optic neuritis in childhood

is low; in adulthood, the risk in uncertain. Optic neuritis has been reported to occur at

some time in the course of the disease in approximately 30% to 70% of persons with MS;

approximately Z5% of these persons will experience a second attack. In 90% of persons

with optic neuritis, recovery is complete. The interval between the first episode of optic

neuritis and the onset of other signs and symptoms of MS may be as long as 35 years.

However, for 60% of persons the interval is 8 years or less. Approximately 15% of

persons who experience acute, idiopathic optic neuritis have been found to have other

causes, such as Leber optic atrophy and optic nerve ischemia.

Studies evaluating paraclinlcal tests nf persons who have experienced a single

episode of optic neuritis are few. Oligoclonal bands have been reported in approximately

Z5% of these individuals and indicate an increased tendency for dissemination of the
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disease. Ten percent will show abnormalities in somatosensory evoked potentials. MRI

studies on this condition are in progress.

Therefore, individuals who experience acute episodes of optic neuritis whose cause

is not determined, should be considered as having MS.

Additional information on optic neuritis and MS may be found in articles by

McDonald,14 Compston et al, 15 Ebers,1 6 and Kurtzke.17

Aeromedical disposition

The FAA should obtain all medical records and laboratory studies of applicants

with a history of MS. The FAA should classify the applicant's condition according to the

scheme of Smith et al. 5 Also, the course of the disease should be determined, such as

benign, exacerbating-remitting,iZ etc. The applicant should undergo a complete

neuological evalution in order to verify the diagnosis and to determine the presence of

activity or neurological residuals that would compromise, flight safety.

Neuropsychological tests, evoked potentials, CSF analysis for oligoclonal bands and IgG

synthesis and/or a MRI may be necessary before these questions can be answered.

The following guidelines are suggested for applicants with a clinically or

* laboratory-supported definite diagnosis: a) applicants with progressive MS should not be

certified; b) applicants with remitting-progressive MS should not be certified; c)

applicants with either exacerbating-remitting or benign MS may be certified provided a

period of one year has elapsed since the last attack and the candidate otherwise satisfies

the neurological criteria. However, persons with either benign or exacerbating-remitting

UMS who have a history of 'paroxysmal attacks" such as seizures, visual disturbances,

vertigo, trigeminal neuralgia, ataxia, or dysarthria, should be permanent disqualified.

Persons with a diagnosis of definite MS who are certified should be examined yearly by a

neurological consultant.

Applicants with a clinically or laboratory-supported diagnosis of probable MS
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cannot be certified until a definite diagnosis is made. When It Is established, the crtieria

listed previously should be followed. Persons with multiple sclerosis under teatment with

immunosuppressive drugs, or medications to treat symptoms such as trigeminal neuralgia,

bladder dysfunction, or spasticity, are disqualified. An applicant with a history of optic

neuritis may be certified if: 1) the diagnosis is confirmed and there is a full return of

visual function that satisfies the visual standards and guidelines and Z) a neurological

evaluation uncovers no other disqualifying deficits. Since persons with optic neuritis may

be MS suspects, in all likelihood paraclinical tests will be performed. Depending on

which test is positive, applicants may be classified as laboratory supported definite MS or

clinically probable MS. If so, the recommendations for those forms of MS should be

followed. If these studies are normal, the applicant should be examined at yearly

* intervals.

Other Primary Demyelinating Diseases

The demyelinating diseases of infectious origin are covered in the section on

infectious diseases. Other causes are the genetic metabolic diseases of myelin listed in

Table V. Because of the severe neurological impairment associated with all of these

diseases, all of them are disqualifying.
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TABLE V

CLASSIFICATION OF GENETIC METABOLIC DISORDERS OF MYELIN

1. Krabbe's globoid leukodystrophy

Infantile
Late Onset

2. Metachromatic leukodystrophy

Congenital?
Late Infantile
Juvenile
Adult

A Multiple sulfatase deficiency
Cerebroside sulfate sulfatase activator deficiency

3. Adrenoleukodystrophy

Sex linked

Adrenoleukodystrophy
Adrenomyeloneuropathy
Familial Addisoni's disease
Symptomatic female carriers

Nutosomal recessive

Neonatal adrenoleukodystrophy

4. Refsua's disease

5. Pelizaeus-Merzbacher disease

Classic
Neonatal Seitelb-rger type

6. Alexander's disease

7. Spongy degeneration of Lhe nE.-vous system

8. Nonspecific hypomyelinazion

N source: REF 18
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Acq•ired and Hereditary Ataxias

Ataxia is defined as a decomposition of movement associated with lack of

coordination, unsteadiness and irregularity of muscular action. Acquired or hereditary

diseases of the cerebellum or its connections are primarily responsible for this

neurological abnormality. The acquired diseases span most categories of neurological

diseases, includihg infection, demyelination, cerebral vascular disease, and tumors.

The dominantly or recessively inherited ataxic disorders are characterized by

spinocerebellar atrophy. Although classifications based on clinical, pathological and, in

some cases, metabolic defects are not entirely satisfactory because of genetic

heterogeneity, the broad classification in Table I contains the diseases most commonly

encountered.

In addition to the major disorder, cerebellar ataxia, other associated signs and

symptoms are caused by spinal cord, brain stem, basal ganglia, and cerebral cortex

involvement. Impairment of vision and hearing may occur. Skeletal abnormalities,

particui-rly scoliosis, pes cavws, and hammer toes are common. Cardiomyopathy is

Sfrequently found in Friedreich's ataxia.

D-ominant or recessive ataxias account for approximately one third of cases,

- sporadic ataxias also about one third, and the rest are due to other causes. In the

dominant forms, tbe onset of symptoms o"curs typically between adolescence and the

Sfifth decade. The recessive syndromes, the most frequent being Friedreichs' disease,

usually begin in childhood. The sporadic may occur at any age. In all ca-ses, the

hereditary ataxias are relentlesly progressive.z

Persons with hereditary at~azc ilseases should be permanently disqualified from

N'• flying. The aeromedical disposition of persons whose primary, persistent neurological

deficit is acquired ataxa of the limbs or trunk is based on the underl '.ng disease and the

degree of neurological impairment.
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TABLE I

THE CLASSIFICATION OF HEREDITARY ATAXIAS

T. Friedreich's ataxia and variants

II. Cerebelloolivary aitrophy

1. Dom~inant

2. Recessive (Holmes)

3. Sporadic (Marie-Alajouanine)

III. Olivopontocerý-bellar atrophy

1. Dominant

, .4 ,a. Menzel's type

b. With retinal degeneration

C. With slow saccades

d. Spinopontine type

2. Recessive

3. Sporadic (Dejerine-Thomas)

4. Spiradic with progressive autonomaic failure (Shy-Drager syndrome)

IV. Familial spastic paraplegia (Strumpell-Lorrain and variants)

V. Familial spastic ataxia (Sanger Brown)

source: REF 1
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Acquired and Her-sditary Ataxias

Ataxia is defined as a decomposition of movement associated with lack of

coordination, unsteadiness and irregularity of muscular action. Acquired or hereditary

diseases of the cerebellum or its connections are primarily responsible for this

neurological abnormality. The acquired diseases span most categories of neurological

diseases, including infection, demyelination, cerebral vascular disease, and tumors.

The dominantly or recessively inherited ataxic disorders are characterized by

spinocerebellar atrophy. Although classifications based on clinical, pathological and, in

some cases, metabolic defects are not entirely satisfacto-y because of genetic

heterogeneity, the broad classification in Table I contains the diseases most commonly

encountered.

In addition to the wajor disorder, cerebclar ataxia, other associated signs and

symptoms are caused by spinal cord, brain stem, basai ganglia, and cerebral cortex

A involvement. Impairment of vision and hearing may occ.ur. Skeletal abnormalities,

particularly scoliosis, pes cavus, and hammer toes are common. Cardiomyopathy is

frequently found in Friedreich's ataxia.

Domirant or recessive ataxias account for approximately ore third of cases,

sporadic ataxias also about one third, and the rest are due to other causes. In the

dominant forms, the onset of symptoms occurs typically between adolescence arid the

fifth decade. The recessive sy.ndromes, the most frequent being Friedreich's disease,

usually betgin in childhood. The sporadic may occur at any age. In all cases, the

hereditary ataxias are relentlessly progressive.Z

Persons with hereditary ataxic diseases should be permanently disqualified from

flying. The aeromedical disposition of persons whose primary, persistent neurological

deficit is acquired ataxia of the limbs or trunk is based on the underlying disease and the

degree of neurological impairment.

%A;
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Movement Disorders

Introduction

Movement disorders are classified according to their physical characteristics, as

shown in Table L They are important because of their high prevalence in the general

population, their interference with motor and coordination functions, and their

intensification with stress and fatigue. In some cases, their causes are acquired and in

others genetically determined. The acquired movement disorders may result from an

acute event, from which the person either recovers completely or is left with a residual

deficit. Chronic acquired and the hereditary movement disorders are slowly

progressive. The type of movement is not specific to a particular disease; several types

may be seen in the same person as well as in the same disease.

With the acquired conditions, the decision to certify is dependent on the cause as

w-11 as the persistence of neurological deficits. The hereditary movement disorders

present two problems: 1) determining the degree of impairment and rate of progression,

and the frequency of follow-up examinations and; 2) the frequency at which pilot

applicants with a positive family history should be followed.

In this section only the more frequent disorders will be discussed. The reader is

referred to standard neurological textbooks or review articles for further information.2-4

The incidence of various types of disorders evaluated at the Baylor Movement

Disorder Clinic, for example, is listed in Table IU.5

Minimal criteria for diagnosis and classification

The physical findings of a generalized or focal, hypo- or hyperkinetic disturbance

of mnotor function should suggest the possibility of a movement disorder. A classification

of movement disorders is shown in Table Ill. The FAA should become familiar with terms

and eponyms that may appear in pilot-candidate's application or in a physician's report.
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TABLE I

DIFFERENTIATING INVOLUNTARY MOVEMENTS

Predominant Contraction

Movement Speed Quality Topography Pattern

Tremor 3-8/sec Rhythmic Distal Alternating agonist
oscillation ano antagonist

Chorea Fast Forceful Face distal Intermittent agonist
jerking

Athetosis Slow Continuous Face distal Irregular sustained
endulation agonist and antagonist

Ballismus Fast Flinging Proximal Repetitive agonist
(unilateral)

Dystonia Slow Sustained Axial and proximal Sustained agonist
contraction and antagonist

Myoc lonus Fast Jerking Diffuse Irregular arrythmic
angonist

source: REF I
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TABLE II

INCIDENCE OF MOVEMENT DISORDERS*

% of Total

Parkinsonism 53.2

Parkinson's disease 47.7

Progressive supranuclear palsy 2.0

Shy-Drager syndrome 0.8

Neuroleptic-induced 0.6

Other 2.1

Tremor 15.8

Essential 11.0

Other 4.8

Dystonia 14.2

Dyskinesia 5.4

Tics 5.1

Chorea 4.4

Myoclonus 4.1

Hemiballism 0.6

Athetosis 0.3

Other 4.6

*First 1000 patients evaluated at the Movement Disorder Clinic,

Baylor College of Medicine

source: REF 5
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Table III

CLASSIFICATION OF MOVEMENT DISORDERS

"Hypokinetic-akinetic (bradykinetic) or parkinsonian disorders

I. Dopamine deficiency rates (presynaptic)
A. Primary (idiopathic) Parkinson's disease

B. Secondary (symptomatic)
1. Postencephalitic
Z. Syringomesencephalalia
3. Drugs - reserpine, tetrabenazine, a-methyl-lopa, lithit'm, MPTP

II. Dopamine receptor disorders (postsynaptic)
A. System degenerations (parkinsonism plus)

1. Shy-Drager or multiple system atrophy (autonomic failure)
Z. Progressive supranuclear palsy (ophthalvhoplegia and pseudobulbar

palsy)
3. Olivopontocerebellar atrophy (ataxia)
4. Striatonigral degeneration
5. Parkinsonism-dementia-ALS complex
6. Juvenile parkinsonism (rare)
7. Hemiatrophy - hemiparkinsonism
8. Hereditary disorders - Huntington; Wilson; Hallervorder-Spatz;

spinocerebellar degenerations; familial basal ganglia calcification;
familial parkinsonism with peripheral neuropathy; neuronal ceroid
lipofuscinosis; glutamate dehydrogenase deficiency

B. Secondary (symptomatic)
1. Drugs and trxins - antipsychotics, anwiemetics, tetrabenazine, CO

MN, CS?, methanol, ethanol
Z. Other - parathyroid abnorma lities, hypothyroidism, hepatocerebral

degeneration, brain tumor, Creutzfeldt-Jakob disease, normal
pressure hydrocetlialus, c:dnvtic mutssm

Hyperkine tic
1. Paroxysmal

A. Choreoathetosis - dystonia
1. Familial - kinesigenic or nonkineoigenic
2. Acquired - r tltiple sclerosis, static encephalopathy,

hypoparat Vyroidism, head trauma, seizures, sporadic paroxysmal
choccoat-hetrosis-dy~stonia, oculogyric• crises

B. Myoclonuts
1. Physiologic
Z. Essential
3. Epilei~tic
4. Sym.itomatic progressive or static encephalopathy

5. Segmental (bulbar, spinal)

C. Tics -Tourette's syndrome

D. Tremor
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E. Hyperreflexia

F. Other - Habit spasms, mannerisms, hemifacial spasm

II. Nonparoxysmal
A. Tremor

1. At rest - parkinsonian
Z. Action - physiologic, essential, cerebellar, parkinsonian

B. Choreoathetosis
1. Sterotyped tardive dyskinesia
2. Nonstereotyped

a. Hereditary - Huntington's disease
b. Symptomatic - Sydenham, SLE, chorea gravidarum, metabolic,

toxic and static encephalopathy
c. Sporadic

C. Dystonia
1. Primary

a. Hereditary (dystonia musculorum deformans, Hallervorden-
Spatz, etc)

b. Sporadic (idiopathic torsion dystonia) - generalized, segmental,
focal (Meige)

2. Secondary

D. Ballista - hemiballism

M Other
A. Akathisia

B. Restless legs

C. Disorders of gait and posture

D. Disorders of muscle tone - rigidity, gegenhalten (paratonia) spasticity,
hypotonia, myotonia, carpopedal spasms, stiff person syndrome, rigid spine
syndrome

Source: Ref 5

The number of conditions that may cause hyper- and hypokinetic movemnent

disorders is large. The rest of this section describes those movement disorders most

likely to be encountered in the pilot age group that present difficult disposition problems,

or that have recently received much publicity in the lay press, despite their low

prevalence. These conditions are- 1) acute drug-induced movement disorders; Z) chronic

drug-inductd movement disorders; 3) Sydenham's chorea; 4) Parkinson's disease; 5)
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essential tremor; 6) hemifacial spasm; 7) tics and Tourette's syndrome; 8) focal dystonias;

9) Huntington's disease; and 10) Wilson's disease.

For aeromedical purposes, the decision to certify is based on the following

considerations; 1) is the cause reversible, that is, can it be permanently cured? Z) are the

neurological residuals, if present, static and do they compromise flying safety? 3) is the

disease inherited and therefore progressive? 4) is the applicant's movement disorder

being treated with drugs, even if the disease is static, which would disqualify him as long

as he is under treatment? 5) does the candidate have a family history of a movement

disorder, in which case he should be followed at frequent intervals? 6) has the candidate

had surgical treatment, in which case, with some specific exceptions, he should be denied

certification?

Acute drug induced movement disorders

Medications should always be suspected as a cause for the sudden onset of

dyskinesias, particularly in the younger age group. In those persons with an idiosyncratic

reaction, the abnormal movements, which are usually dystonic or choreiform, begin

within several hours after a single dose and are not dose-dependent. Unless treated, they

resolve spontaneously over a period of several hours or days. Persistent dyskinesias are

rare. With neuroleptic drugs the overall incidence of movement disorders is

approximately Z.5% to 5%. However, with the more potent piperzine phenothiazines and

butyrophenones, it may approach 50%. The dyskinesias may recur with re-introduction of

the same drug or other medications of equal potency.

Rarely, the neuroleptic malignant syndrome way occur. This is associated with

tue onset of fever, movement disorder and altered mentation. Most cases occur

following a single or combined administration of haloperiodol (HaldolR), fluphenazine

(ProlixinR) or chiorpromazine (ThoftzineR). Serious medical and neurological sequelae

may occur, although patients may recover completely.
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In the dose-related (toxic) group, the dyskinesias including tremors may or may

not be associated with other signs and symptoms of drug toxicity. The most frequent

drugs associated with acute. idiosyncratic or toxic dyskinesias, are phenothiazines,

butyrophenones, levodopa, bromocriptine, amphetamines, methylphenidate,

metoclopramide, anticholinergic containing drugs, lithium, and anticonvulsants.

The following guidelines are suggested for evaluation of candidates with a history

of acute drug induced dyskinesias: 1) determine the drug(s) that is responsible for the

dyskinesias; 2) ascertain if the drug(s) was taken as prescribed or was taken as an

intentional overdose; 3) identify the underlying cause for which the drug(s) was

prescribed; and 4) do a complete neurological examination.

If the reaction was idiosyncratic or secondary to an unintentional overdose, if the

underlying disease is not disqualifying, and if the neurological examination is normal, the

applicant may be certified. However, he should be told that he is at risk for a recurrence

of dyskinesias if the same or related drugs are taken again.

Chronic drug induced movement disorders

The chronic neurological syndromes associated with drugs, particularly the

.neuroleptics, should not present problems for aeromedical disposition, since the

underlying conditions for which the medication was given, such as psychotic disorders,

are, for the most part, disqualifying. However, occasionally applicants may have a

history of a transient, self-limiting psychiatric or medical disorders, and may have

developed drug-induced dyskinesias while under treatment, although at the time of

evaluation they may be neurologically normal. Examples of this might be drug-induced

parkinsonism resulting from the treatment of hypertension with alpha methyldopa

(AldometR) or gastrointestinal disorde-rs with metoclopramide (ReglanR).

Tardive dyskinesia (TD) is characterized by involuntary, choreiform movements,

affecting primarily the facial muscles, and also the extremities. This extrapyramidal
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syndrome is caused by chronic use of medications that block dopamine receptor sites.

Most of these drugs are neuroleptic and are prescribed for psychiatric conditions.

However, prochlorperazine (CompazineR) and metoclopramide (ReglanR) are frequently

prescribed to nonpsychiatric patients with acute or chronic gastrointestinal diseases. TD

usually begins after three months of continuous drug use. It is estimated that 10% to

ZO% of persons taking neuroleptic &-ugs develop this condition. The incidence increases

with age. Remission may occur in 50% to 90% of persons under 40 years of age following

drvg withdrawal; in older individuals, the figure is 33%. In the vast majority of cases, if

improveraent occurs, it will do so within the first three months after the drug(s) is

disconxinu-.&. A minimum of 6 months should elapse before the condition is considered

irreversible. There is no effective medical treatment for this disorder.

Dyskinesias may follow the abrupt discontinuance of neuroleptics (withdrawal

dyskinesias) and usually resolve spontaneously within several weeks to three months.

Akathisia is a condition characterized by motor restlessness such as continual

shuffling of the feet and a feeling of inner tension. This usually occurs soon after the

initial administration of or an increase in dosage of neuroleptic drugs, most commonly

reserpine, phenothiazines (particularly fluphenazine (ProlixinR)), and butyrophenones. Tts

incidence is about ZO%. Ninety percent of persons who develop this disorder will do so

after two to three months. Akathisia usually improves slowly after medication

withdrawal, although persistent cases have been reported.

All the major features of parkinsonism can be produced by neuroleptic drugs,

.jaiticularly reserpine, phenothiazines, thioxanthenes, and the butyrophenones.

Metoclopramide (ReglanR) and alphamethyldopa (AldowetR) can also cause this

syndrome. Of recent interest is I methyl 4 phenyl l,Z,3,6-tetrahydropyridine (MPTP)-

induced parkinsonism. Symptoms may begin within several days after treatment is

initiated, reaching their peak by three months, at which time 90% of ca-es will have

developed. The patients are usually free of their extrapyramidal signs within several
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weeks after the drug is discontinued, although slower rates of recovery occur in the older

population. Persistent cases have been reported. Patients with this condition may be
treated with antiparkinson drugs, primarily the centrally active anticholinergic drugs

such as trihexyphenidyl (ArtaneR). However, the only possible complete cure is the

discontinuance of the responsible drug.

Applicants with a history of tardive dyski:sias, withdrawl dyskinesias, akathisias,

and drug-induced parkinsonism are permanently disqualified from flying, unless 1) the

cause of the disorder can be attributed directly to a drug(s); 2) the medical or psychiatric

condition for which the drug(s) was given is not disqualifying; 3) the neurological

evaluation performed by a consultant is normal; 4) the candidate is not taking

antidyskinesia or antiparkinsonian medications.

Sydenham's chorea

i-'. Although rheumatic fever is rare today, chorea, carditis and migratory
. polyarthritis are still the major clinical signs of this disease. The age group between 7

and 14 years are usually affected. It is rare after puberty. The disease usually runs its

course within one to two months, although minor movements may persist for six
Smonths. In one third of the cases recurrences after several months or years have been

reported. Recovery is usually complete.

A candidate with a history of Sydenham's chorea may be ceitified if 1) the initial
or the la.t recurrent episode occurred prior to one year of the date of application; Z)

there are no neurological residuals as determined by a neurological consultant; and 3) the
applicant satisfied all other medical criteria, primarily those for the heart.

Parkinson's disease (paralysis agitans)

Parkinson's disease is a common, progressive, degenerative disease of the central

nervous system. Prevalence rates range between 66 and Z00/100,000 population, and
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with annual incidence is approximately 5 to Z4/100,000. The mean age of onset is 55

years. Males are affected more than females. A positive family history is found in 5%

to 15% of probands; however, there is no conclusive evidence that the disease is

genetically determined.

The clinical hallmarks of this disease are bradykinesia, rigidity, and resting

tremor. Other common features are disturbances of posture, equilibrium, autonomic

functions and ocular motility. In 10% of persons with this condition, the onset of tremor

and/or rigidity is unilateral. A" the disease progresses, despite therapeutic intervention,

deficits in cognition, perception and memory may appear in approximately 30% of

individuals. Dementia is common in individuals with an older age at time of onset. It has

been suggested that the dementia associated with Parkinson's disease is co-existent with

Alzheimer's disease (Parkinsons-Alzheimer complex). Signs of dementia are more

frequent in persons with bradykiaesia and postural and gait abnormalih, - than in those in

which tremor predominates.

The initial symptoms in Parkinson's disease are listed below in Table IV, according

to one study. 6

TABLE AT
INITIAL SYMPTOMS IN PARKINSON'S DISEASE

No. of Cases
(183) (%)

Tremor .9 70.5
Stiffnes or s v.ness of movement 36 19.7

Loss of Lerity and/or handwriting disturbance Z3 12.6
(jait disturbance 11 l.5
Mus.cle pain, cramps, aching iS 6.?
Depression, nervousness, or other psychiatric

disturbance 8 4.4
Speech disturbance 7 3.8
General fatigue, muscle weakness 5 Z.7
Drooling 3 1.6
Loss of arm swing 3 1.6
Facial masking 3 1.6
Dyshagiasp 1 0.5
Paresthesia 1 0.5
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Average number of initial symptoms per patient 1.4

source: Ref 6

When the disease has been present for several years, the diagnosis is relatively

easy. However, other causes for the clinical signs and symptoms, as shown in Table V,

must be ruled out. 7

TABLE V
CONDITIONS THAT MAY PRESENT WITH PARKINSONLkN FEATURES

Multiple System Degenerations
Striatonigral degeneration
Olivopontocerebellar atrophy
Shy-Drager syndrome
Steele-Richardson-Olszewski syndrome (progressive supranuclear palsy)
Josephi disease (Machado C "sease, nigral-spinal-dentatal degeneration with nuclear

ophthalmoplegia, Azorean disease)
Corticodentatonigral dengeneration
Parkinsonism - dementia of Guam

Other Diseases
Drug or toxin-induced parkirnonism

Neuroleptic-induced parkinsonism
Carbon monoxide poisoning
Chronic manganese poisoning
MPTP-induced parki nsonis•m

Normal pre.sure hydrocephalus
Jakob-Creutzfeldt disease
Hypoparathyroidism with basal ganglia calcification
Chronic hepatocerebr-al degeneration
Brain neoplasms or arteriovenous malformatioins
Rigid form of Huntington's chorea

0 Wilson's disease-

source: Ref 7

Of aeromedical importance is the early recognition of the disease before the

idass•c signs are apparent. In most cases, the symptoms that precipitate the intial visit

to a physician are tremor and disturbances in equilibrium and gait. At this time, the
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disease may be mildly to moderately advanced. The early signs of the disezse, such as

lack of facial expression, decreased frequency of eye blinks, voice changes, paucity of

associated movements, slowness in initiating and maintaining motor actions, and

sialorrhea, may not be appreciated by the patient. In addition, non-specific symptoms,

such as fatigue, muscle aches, cramps and weakness, sleep disturbances, and mental

changes, may not be recognized by the physician as early signs of the disease. Early

recognition is important because the neurological abnormalities associated with

Parkinson's disease, as well as the pseudoparl'inson diseases, adversely affect reaction

and mcvement times, coordination and postural reflexes, voice, ocular motility,

mentation and behadior. These changes may be accentuated by alterations in

environment, sleep and mood, as well as with fatigue and degree of motor activity.

rhe disease is slowly progressive. Prior to the treatment with levodopa, the

course from onset to death was approximately 11 years. Now, with this and other drugs,

"life expectancy has increased, approaching normal values. However, these medications

do not alter the ultimate progression of the disease, but only temporarily ameliorate the

signs and symptoms. For the most part, they have been very effective in reducing some

of the wost disabling signs, such as bradykinesia, during the first sevcral years of

treatment. Unfortunately, with prolonged use, troublesome side effects like dyskinesias

or psychiatric disturbances occur as the disease progresses.

The drugs that ar used to treat this as wzell as related conditions are, by

themselves. disqu,-lifying because of their side effects. The following list should alert

the FAA to the possibility that applicants in this age group who are taking or who have

taken these medications in the past may have Parkinsonr' disease or related disorders.

1. Anticholinergics

a. trihexyphenidyl

b. benztropine mesylate

c. biperiden
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d. procycl id~ine

e. cycrimine

f. diphenhydramine

g. chlorphenoxamine

11. orphenadine

Z. Levodopa drugs

a. levodopa

b. levodopa/carbidopa ,SinemetR)

3. Bromocriptine

4. Amantadine

Since the advent of levodopa for the treatment of this disease, the indications for

surgical intervention are very limited. Applicants with a history of surgical treatment

should be disqualified permanently because the disease is usually too far advanced at the

time the procedure is performed.

An applicant with a his*ory of idiopathic parkinsonism (Parkinson's disease) should

be permanently disqualified from flying. The only possible exception is the applicant who

is in the early stages of the disease with mild neurological deficits that have been judged,

after flight simulation test%, not to interfere with reaction time, voice control, and

visual tracking. If certified, these candidates must be followed at six month intervals by

a neurological consultant.

Applicants unde:" chronic treatment with any of the aforemer tionetd drugs, or who

-have been treated surgically, should not be certified.

The other conditions that may present with parkinsonian features (Table V) are

disqualifying with the exception of those induced by drugs, toxins or taiocrine

IV - 412



abnormalities in some cases.

Essential tremor

Essential tremor is an action or postural-induced tremor. If most frequently

involves the upper extremities (in 95% to 100% of cases), head (34%), voice (20%), and

lower limbs (Z5%). The prevalence rate in the US is 3/1,000, and it is slightly more

common in women. In 50% of cases it is known to be inherited as an autos mal dominant

condition. The mean range of age of onset is 35 to 46 years, with earlier onset in the

hereditary cases. A bimodal onset has been suggested, with the first peak at age 15

years and the second at 60 years.

With the exception of the tremor, the nmurological examination is usually

normal. The course is variable but in most cases the tremor progresses slowly with an

increase in amplitude and spread to other body parts. It has been reported that essential

S j.tr.mor beginning at age 50 years will be of moderate severity by age 65 years and severe

by 70 years. A moderate-to-severe tremor can be functionally incapacitating, affecting

one's ability to write, eat or coordinate fine hand movements. The tremor also is

embi-assing to the individual, particularly when the neck and voice are involved. The

tremor increases under stress, er:ercise and fatigue and with the use of stimulants such as

caffeine-containing beverages or drugs, or with amphetamines. It is transiently improved

by the use of small to moderate amounts of alcohol. The tremor then intensifies as, the

blood alcohol level falls. Because of tOe inital "beaefit" chronic alcohol us may become a

problem, and 67% of persons with essential tremor may abuse alcohol.

The drugs that are currently used to treat this condition are beta-'adrnergic

blockers, particularly propranolol, sodium valproic acid, clonazepam, primidone,

tranquili ers, and sedatives and hypnotics. Pilot applicants taking these drugs should be

disqualified frow flyin.g not ouly because of their side effects, but because their ust!

ý ON Nuggests that the diseaie is already impairing.

17 413

-3P4
k 4LM.~ L__a



Essential tremor shas been reported in other neurological conditions such as

Char cot -M arie-Tooth, and may be coincidentally seen in persons with parkinsonism and

with dystonia muscular deformans. It should not be confused with tremors associated

with cerebellar disease such as in multiple sclerosis. An accentuated physiologic tremor

secondary to drugs or other conditions may be confused with essential tremor. These are

listed in Tables VI and VII.

TABLE VI
SUBSTANCES PRODUCING ENHANCED PHYSIOLOGIC TREMOR

Dextroamphetarnine Lithium
Epinephrine and beta-Z agonists Neuroleptics

Butyrophenones
Isoe~tharine Phenothiazines
Isoprot erenol Prednisone
Metaproterenol Thyroid hormones
Terbutaline Tricyclic antidepressants

Levodopa Xanthines in coffee or tea

source: Ref 8

TABLE VII
CIRCUMSTANCES ASSOCIATED WITH ENHANCED PHYSIOLOGIC TREMOR

Increased activity around the segmental stretch reflex arc
Cold shivering
Exercise
Fatigue
Force ful contractior, (including Jendrassik's maneuver)
Hyipogiyceinia

Insulin
Nondiabetic

Pheochrotnocytoma
Thyrotoxicosis
Vibration of znuý;cle
WVithdrawal of opiate or sedative compounds

source: Ref &

Additional information way be obtainied from Larson and Caine9 and Koller. 10

Candidates with a history of sporadic or hereditary essential tremor may be
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certified if they have no other neurological cause and the examination is otherwise

normal.

Hemofacial spasm

Hemifacial spasm is characterized by hyperactive unilateral brief contractions of

facial muscles. It usually starts in the obicularis oculi muscle, but over a period of time

it spreads to other muscles innervated by the 5th cranial nerve. With recurrent sustained

contractions the eyes will close and the mouth will be pulled upwards. Emotion, stress,

fatigue and stimulants will increase with spasm. The onset is usually in the sixth decade

of life, and the condition is more common in females. It is generally a chronic

progressive disease, which is annoying and embarrassing to the patient. The current

accepted cause is pulsatile compression of the facial nerve by elongated arterial loops,

most commonly of the posterior inferior cerebellar artery. Drug management has, for

the most part, been ineffective. Medications such as carbamazapine (TegretolR),

* phenytoin (DilantinR),.and phenobarbital are contraindicated for flying. The currently

accepted treatment is microvascular decompression, or the Jannetta procedure, which

has afforded immediate relief for approximately 90% of persons with this disease.

However, recurrence as early as one to two years after the operation is not uncommon.

The major surgical complication is deafness. 1 1 1-z

Candidates with a diagnosis of hemifacial spasm are disqualified from flying

unless the spasms have been relieved by surgical intervention, the audiological

4Xalamination meets the standards, there is no significant facial weakness, and a symptom-

free period of six to 1Z months has elapsed since the surgical procedure. Thereafter. the

applicant should be followed on a yearly basis.

Tics

Tics are involwitary, brief, rapid contractions of skeletal muscles in one or more
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parts of the body. In many respects they resemble myoclonus. It is estimated that "tics"

may be present in Z8% of the total population, with the majority of tic disorders

occurring in children and adolescents. The various tic disorders and diagnostic criteria

are listed in Table VIII.

The tic disorder that has gained the most attention is Tourette's syndrome. This is

* a chronic disorder in which there are both involuntary motor and vocal tics. Its onset is

between five and 10 years. Males are significantly more affected than females. The

initial tic is usually one of repetitive eyelid blinking or movement of the head and neck.

As the disease progresses, tics of the extremities may occur. Vocal tics are present in

all cases. Coprolalia and copropraxia are found in approximately 30% of cases. Persons

with Tourette's syndrome also exhibit compulsive motor activities such as skipping and

touching objects. The symptoms usually reach a peak in late adolescence and thereafter

regress or remain stable. The symptouss usually are chronic and lifelong, although

spontaneous remissions have been reported in 7% to 19% of patients. These individuals

are usually neurologically and intellectually normal. The drug of choice for treatment is

haloperidol (HaldolR), which is contraindicated for flying.

An additional reference on Tourette's syndrome is Butler. 14

Candidates with a diagnosis of Tourette's syndrome should not be certified unless

they are free of symptoms and off all medications for five years and the results of

neurological as well as neuropsychological studies are normal.

The other tic disorders listed in Table VIII should be evaluated on an individual

basis. Most of these are self-limiting.

Dystonias

Generalized as well as focal dystonias can be found in a number of acquired and

genetically determined diseases (Table IX).

The hereditary or idio~pathic dystonias usually begin focally, for eaple in the%
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TABLE VIII

DIAGNOSTIC CRITERIA FOR TIC DISORDERS

Transient Tic Disorder

Onset during childhood or early adolescence

Presence of recurrent, involuntary, repetitive, rapid, purposeless motor
movements (tics)

Ability to suppress the movements voluntarily for minutes to hours

Variation in the intensity and type of symptoms over weeks or months

Duration of at least 1 month but not more than 1 year

Tourette Syndrome

Age at onset between 2 and 15 years

Presence of recurrent, involuntary, repetitive, rapid, purposeless motor
movements affecting multiple muscle groups

Multiple vocal tics

Ability to suppress movements voluntarily for minutes to hours

Variations in the intensity and type of symptoms over weeks or months

Duration of more than 1 year

Confirmatory but not essential for the diagnosis

Coprolalia (involuntary swearing)

Copropraxia (involuntary obscene gesturing)

Echolalia (involuntary repetition of words or sounds heard by the patient)

Echopraxia (involuntary imitation of the movements of others)

Palilalia (involuntary repetition of patient's own words or sounds)

-Multiple Tic Disorder

Age of onset between 2 and 15 years

Presence of recurrent, involuntary, repetitive, rapid, purposeless motor
luovements affecting multiple muscle groups. Rarely do patients have
only vocal tics

Ability to suppress movements voluntarily for minutes to hours

Variations in the intensity and type of symptos over weeks or months

U.. Duration of more than 1 year

Chronic Motor Tic Disorder

Presence of recurrent, involuntary, repetitive, rapid, purposeless
movements (tics) involving no more than three muscle groups at any one time

Unvarying intensity and type of tics over weeks or months

Ability to suppress the movements voluntarily for minutes to hours

Duration of at least I year

source: REF 13
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TABLE IX

CLASSIFICATION OF THE DYSTONIC STATES

I. Primary Dystonia

A. Hereditary

I. Autosomal dominant

2. Autosomal recessive

3. X-linked recessive

4. Paroxysmal dystonia

B. Idiopathic

I. Distribution pattern: generalized, segmental, focal

2. Onset: childhood, adult

II. Secondary Dystonia

A. Associated with other hereditary neurologic disorders

1. Wilson's disease

2. Huntington's disease (Westphal variant)

3. Hallervorden-Spatz disease

4. CM-i gangliosidosis

5. Hexosamidase A and B deficiency

6. Juvenile dystonic lipidosis

7. Glutaric acidemla

3. Joseph disease

B. Environmental dystonia

i. Perinatal cerebral injury

2. Infection

3. Postinfectious

4. Reye's syndrome (Personal observation)

5. Ifead trauma

6. Focal cerebral vascular injury

7. Brain tumor

8. Toxins: nanganese, carbon monoxide

9. Drugs: le odopa, antlpsychotics. metoclopramide, anticonvulsan t

C, Psycholugic dystonia (personal obJservations)

.iource: REF 15
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foot; however, over a period of time, they become generalized. This secondary

generalization also pertains to other primary, hereditary, progressive neurological

diseases caused by either metabolic or enzymatic defects. In addition to focal or

generalized dystonia, these patients have other neurological abnormalities. An example

of this is torsion dystonia, a genetically determined disease most prevalent in Ashkenazic

Jews.

There is no effective treatment for these disorders with the exception of Wilson's

disease (see below). Candidates with primary or secondary dystonia should not be

certified.

Persistent dystonias, particularly focal ones, rarely may follow an acute event

such as a cerebral vascular accident, head trauma, or infection. Dispositions in these

cases is related to determining the primary cause as well as the degree of neurological

impairment. As with all movement disorders, the movement is increased with stress,

fatigue, and exercise. Applicants on drugs to control the disorder are disqualified. It

should be noted that the control of these movements by medications is not very

satisfactory.

Perhaps the major aeromedical disposition problem is the evaluation of persons

with idiopathic focal dystonias. These usually occur in adults, are not secondary to

structural disease, involve primarily facial or neck muscles, and are difficult to treat.

The focal idiopathic dystonias have been classified by Marsden, 16 and are found in Table

X.

TABLE X

Cranial dy-tonia
Blepharospasm
Oromandibular dystonia
Laryngeal dystonia ('Spastic dysphonia*)
Pharyngeal dystonia

Spasmodic torticotlis
Truncal dystoma
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Writer's cramp and other craft palsies

source: Ref 16

All persons with dystonias should be disqualified permanently.

Essential blepharospasm

Essential blepharospasm begins at an average age of 5Z years in men and 60 years

in women. Women tend to be more adversely affected. Its onset is insidious, usually

with brief, infrequent painless closures of one or both eyes. If the onset is unilateral, the

condition will eventually involve both eyes. With time, the episodes become more

frequent and prolonged, and vary from day to day, but tend to become more severe in the

afternoon, in bright light and during periods of physical and emotional stress and

fatigue. The condition may be so severe as to affect visual function.

The drug treatment of this disorder is not particularly effective. Several surgical

procedures are currently used, including open division of the facial nerve branches to the

eyelide or avulsion or thermolytic fractional destruction. Although the studies are

limited, it i4 estimated that approximately 70% of persons with essential blepharospasm

improve for an average of ZO months;: however, recurrences may occur in as many as 50%

of these individuals within three years. There are other ophthalmologic complications,

such as ectropion of the lower eyelids, or exposure keratonathy. Most recently, the

subcutaneous injection of botulinum Type A toxin into the eyelids has been reported to be

an effective treatment. However, the reports are preliminary and there are no long-

term follow-up studies.

It should be. emphasized that blepharospassm may be the initial maniiestation in an

approxiimatly 50%: of persons who later develop orofacial-cervical dystonia, or Meige's

syndrome, which is a more incapacitating movement disorder. The differential diagnosis

of blepharospasm is contained in Table XI.
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TABLE XI
DIFFERENTIAL DIAGNOSIS OF BLEPHAROSPASM

Reflex blepharospasm
Essential blepharospasm
Meige's syndrome
Tardive dyskinesia and dystonia
Parkinson's disease
Huntington's disease
Wilson's disease
Encephalitis
Midbrain inf action or demyelination
Drugs: antipsychotics, antiemetics, anorectics, nasal decongestants,

levodopa
Habit spasms and tics (Gilles de la Tourette's syndrome)
Hemifacial spasm
Facial nerve misdirection
Myokymia
Myotonia
"Tetany
Tetanus
Schwartz-Jampel syndrome
Ocular disease
Seizures (absence, complex, partial)
Functional (hysterical)

Source: Ref 17

A candidate with a history of blepharospasm may be certified if i) the cause has

been determined to be esential; Z) the candidate is not on medication; 3) the candidate

has nGt hAd a recurrence within one year after a corrective operation (botulnum

injection procedures excluded); and 4) there are no ophthalmological complications fi•-m

the procedure. Once certified the candidate should be evaluated annually for recurrence,

and for the development of ozher movemuent disorders.

Orofacial-cervical dystonia [Meige's syndrome)

Meige's syndrome is dystonic movement disorder characterized by blepharospasm

S•And mnvoluniary spasms invoqving facial muscles, including the jaw, neck and, in some
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cases, the larynx. These movements consist of blinking, facial grimacing, trismus, jaw (

opening, closing and protrusion, head turning and speech arrest. The onset of this

condition is between the ages of 40 years and 70 years and is more common in women.

Drug treatment is, for the most part, ineffective. Spontaneous remissions are rare.

Candidates with this disorder should be disqualified permanently.

Spasmodic torticollis

Spasmadic torticollis is a chronic form oi focal dystonia with either repetitive or

continous contractions of neck muscles that force the head laterally. Ten percent of

persons with this disorder will develop dystonia in other body parts. The age of onset is

similar to the other focal dystonias of adulthood.

Remissions are infrequent. Drug treatment as well as various surgical techniques

have, for the most part, been ineffective. The results of biofeedback treatment are

inconclusive.

Candidates with a history of this disorder should be disqualified permanently from

flying.

Occupational dystonias

Writer's cramp is the most common of these disorders. This is characterized by

"spastms of the hand and forearm when attempting to write. Although initially confin.d to

this activity, it may eventtually involve other task%, such as using tools. The diseaso.

usually does not spread to involve other parts. Spontaneous remissions are rAre. Drugs,

Swell as biofeedback therapy, are not very effective.

Other occupational dystonia ar -e in typists, pianists, and percussionists.

Candidates with occupational dystor.ias uay be certified provided 1) there is no

cther neurological abnormality .or disease that would preclude certification; 2) th--

canthdate is -ot on medication; and 3) the particular dystonia will not cotupromise Ilight
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safety. Once certified, the candidate should be re-evaluated at periodic intervals.

Huntington's disease

Huntington's disease is an autosomal dominant disease with complete penetrance,

whose hallmarks are mental and personality di- :urbance, choreic movements and positive

family history. The prevalence rate in the US is 4 to 8/100,000. The onset is usually

between 35 years and 40 years of age. The disease resembles parkinsonism,, In

approximately two 07L-ds of cases, the first signs are chorea, and in the remaining third,

personality changes or intellectual deterioration. The neurological signs initially are

very subtle, consisting of minor choreic movements in the hands and face, personality

changes and memory impairment. After five years, work performance decreases and the

chorea is more pronounced. By five to IZ years individuals with Huntington's disease are

unable to work. Death occurs usually 15 years after once. Suicid'Ž during the early

stages, while the person still has insight about the disease, is not uncommon.

A review of Huntington's disease may be. found in the chapter -by Fahn.18

Recently a test using recombinant DNA has been developed to detect the genetic marker

for Huntington's disease. The clinical use of thWs test is still being debated. 9

A candidate with a history of Huntington's disease should be disquiJified

permanently. Candidates with a family history of Huuntington's disease should be

evaluated periodically, preferably every yaar after the zge of 35 years.

Cerebral palsy

A variety of static movement disorders, particularly choreoathetc-Ais, may result

from a number ,f pre- and perinAttaJ diseases. In some individuals the movement disorder

mnay be the only problem aa.d these irdividuals are otherwise intellectually norrvaY.-0

qroemeciical disposition remss with the determination whether the tnovetnent disordcr is

2 .* • ~t*~ ,f Such magnit-de that it compr.mises flight &afety.
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Wilson's disease (hepatolenticular degeneration)

Although rare, this condition is important because if it is diagnosed early, th,ý

various movement disorders can be reversed by drug treatment. This disease is cau'zed ý.y

an autosomal recessive defect in copper metabolism, causing abnormal deposition of this

mineral in tissues, particularly the liver and central nervous system. In the vast majority

of cases, the onset of symptoms is between the ages of 10 years and Z5 years although

persons whose onset is in the 4th and 5th decasdes have been reported.

The neurological signs and symptoms are variable, hut movement disorders are the

hallmark of this disorder. Intellectual and psychiatric disturbances are not uncommon.

The Kayser-Fleischer ring in the cornea is pathognomonic of this disease. Treatment

with penicillamine can effect a dramatic reversal of the neurological and hepatic

abnormalities, if they are not far advanced. There are persons who have been treated

with continuous penicillamine for at least 10 years, and who are virtually free of

neurological and liver abnormlaities. The treatment is lifelong. %.iver transplantation

has been reported curative. A review of Wilson's disease can be found in the text by

Scheiber- and Sternlieb.Zl

Candidates with Wilson's disease being treated with penicillamine may be certified

provided 1) the neurological and psychological evaluations reveal no disqualifying

defects; Z) there is no evidence of disqualifing liver abnormalities; a-n: 3) there are no
side etfects from the trteatwent (penicillamine can produce a lupus-like syndrome,

nephrosis, pemphigus anid a suysathenic-like-condition). Once certified the caadid~ate

.hould be followed annually.

In invistigations of families with Wilson's diasese asymptomatic individuals are

.encountered. These persons are treated with penicijlamine and retnain asymptomatic 4s

.long a ,ey take the medication. Candidates with asymptomatic Wilson's diseAse whu

are tre-atd with penicillainine. may be certified, provided there are no side effects fromal
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&-x. •ithe treatment and they are followed at periodic intervals.
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Dementia

Introduction and Definition

Dementia is a "syndrome' manifested by deficits in cognition, memory and visual-

spatial skills, as well as changes in language functions and personality. It has been

proposed that at least three of these five deficits must be documented before a diagnosis

of dementia can be made. However, these criteria have not been universally accepted.

The Diagnostic and Statistical Manual (DSM lIf) of the American Psychiatric Association

defines dementia as: 1) a loss of intellectual abilities of sufficient severity to interfere

with social or occupational functioning; Z) memory impairment; 3) at least one of the

followiaigt (a) impairment of abstract thinking; (b) inability to find similarities and

differences between related words, and difficulty in defining words in concepts and other

similar tasks; (c) impaired judgment and-other disturbances of high cortical function,

such as aphasia, apraxia, agnosia, and constructional difficulty; (d) personality change;

and (e) unclouded state of consciousness, that is, the person is alert and aware until the

late stages of the syndrome (in contrast to delirium or intoxicated states, in which there

is a fluctuating level of consciousness).

Recently, it has been customary to divide the dementias into subcortical and

cortical types. The former is associated with impairment of memory and learning that i-

associated with slowness of intellectual function, inertia and apathy. In addition to

these, with cortical dementias there are praxias and difficulties with laiguage

perception. Some diseases associated with subcortical demientia are p!'ogresSivte

supranuclear palsy, Huntington's disease, and parkinsonism. The miajor dis-ease causing

cortical dementia is Alzheimer's. Recently this anatomical classification of the

".'. ldementias has been challenged.1

Dementia can occur with many acquired and hereditary neurological diseases, and

w.'ith systemic disorders, either as a presenting sign or during the course of the diseae.
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No age is spared and over 50 disorders r~ay cause dementia. In diseases like Alzheitner's,

dementia may be the only neurological abnormality, while in others it is associated with

other neurological signs, for example, chorea in Huntington's disease, and gait and

bladder disturbances in normal pressurv' hydrocephalus. Dementia may be a residual of

an acute neurological insult such as h,:ad injury, CNS infection, or cerebrovascular

accident. In the sections dealing witn these diseases, the importance of obtaining

thorough neuropsychological studies 'lefore a decision on flying status is made is

discussed. In other diseases the onset can be insidious and slowly progressive.

Consequently, the diagnosis will often be delayed. It is the slowly progressive dementias

that pose the gre itest medical problem.

Minimal criteria for diagnosis

It has been suggested by MesulamZ that, "when the performance of an individual

falls at least one standard deviation below tile average for his peer group, the presence

of pathology is strongly suspected, especially if there are reasons that infer prior

performance had been normal."

Since it is rare that a person with early dementia will seek medical attention, the

FAA should consider this diagnosis when information provided by supervisors, other

aircrew, or family members, or contained in medical or work records indicates

diminished work performance, difficulties in adapting to changes, mood alteratioas,

increased ab-aenteeism, judgment errors, forgetfulness, preoccupation, increased use of

a-cohol, sleep disturbances, or general lack of interest. An applicant for certi.ficaion

.ihould be referred to approprate specialists, preferably a neurologist, psychiatrist, or

neurotpsychologist, not only to confirm the dianosis ad to determioi.z zhe degree *.;f

.tnpairraent, but also to find a cause.
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Evaluation

Neurological evaluation should include a complete personal and family history. At

the time of the examination, a member of the applicant's immediate family should be

present. The neurological evaluation should include the mini-mental status

examination. 3 If this examination confirms or suggests the diagnosis, then an EEG and

MRI, or at a minimum CT scan of the head should be performed. In addition, a complete

blood count, sedimentation rate, serology for syphilis, serum electrolytes, thyroid profile,

blood urea nitrogen, plasma glucose, vitamin BIZ level and chest radiograph should be

obtained. Depending on the results from the history, physical and neurological

evaluation, other studies such as a cerebrospinal fluid examination may be required.

Neuropsychological studies

In Table I are listed the various neuropsychological studies commonly used to

evaluate the cognitive deficits associated with Alzheime-, which may be used with other

types of dementia. There is some disagreement about which tests are most appropriate

for measuring a pa-ticular cognitive function. There is also a lack of random sample,

pcpulation-based standards for many of these tests, so that abnormalities can be

determined only by comparison with a control group, with adjustment for age, sex and

educational background. According to the work group of the National Institute of

Neurological and Communicative Disorders and Stroke/A)zheiwer's Disease and Related

Disorders Association (NINCD/ADRDA) 4 an individual's score that falls in the lowest 5tn

Spercentile of the range for the appropriate contiol group may be designated as

"abnormal." Therefore, the results of neuropsychological studies cannot stand by

• .themselves for making a diagnosis; they must be used in conjunction with the other

clinical and laboratory findings. They provide confirmatory evidence and can be used as

Sa baseline information for follow-up. They are also helpful in separating out depre."ed
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persons whose symptoms suggest dementia.

TABLE I NEUROPSYCHOLOGICAL EVALUATION

The major cognitive processes that are impaired in the dementias, with examples
of the kinds of tests used to assess these functions include:

0 Orientation to place and time, graded by a test such as the mini-mental
status examination of Folstein and Folstein.

0 Memory evaluated by tests such as the free-recall test of concrete nouns, a
3-4 paired-associate learning test (verbal and nonverbal) by use of a
recognition paradigm, the Recognition Span Test, and the Brown-Peterson
Distractor Text (stopping the task when the patient fails or begins to
produce the distractor instead of the stimulus trigrams).

o Language skills tested by examination of verbal fluency of the semantic or
catego': " types, with the examiner writing repsonses, and by other tests such
as the Boston Naming Test (preferably one of the abbreviated forms), the
Boston Diagnostic Aphasia Examination, the Western Aphasia Test, and the
Token Test with Reporter's Test.

o Prazds evaluated by tests such as those in which the patient copies a drawing
(cube, daisy, clock, or h3use) or performs the block designs subtest of the
Wechsler Adult Intelligence Scale.

o Attention monitored by tests as a reaction-time task or by the Continuous
Performance Test.

o Visual perception studied by use of a variety of tasks, such as the Gollin
Incomplete-Pictures Test and the Hooper Test.

o Problem-solving skills determined by tests such as the Wisconsin Card
Sorting Test or the Poisoned Food Problem Task of Arenberg.

o Social function, activities of daily living, assessed by methods similar to
those described in the Philadelphia Geriatrics Center forms

source: Ref 4
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Aeromedical disposition

Once a diagnosis of dementia is made, the first step in aeromedical disposition is

to determine the cause, if it is progressive or non-progressive and if progressive, whether

it is potentially reversible. The major conditions that can cause dementia are intrinsic

brain disease, toxic-metabolic encephalopathies and depression.

Nonprogressive dementias

These usually are the result of acute neurological insults such as head trauma,

CNS infections, and cerebrovascular accidents. They also may result from severe

systemic illnesses such as cardiopulmonary arrest. Candidates with a history of

nonprogressive dementia should be disqualified from flying linless: 1) the degree of

dementia is minimal as determined by thorough neuropsychological studies, and judged

not to compromise flight safety (a flight simulation test may be required); and 2) the

disease causing the dementia is not disqualifying.

Progressive dementias

Approximately 80% of the progressive dementias are irreversible. In Table II are

listed the remaining, potentially reversible dementias.

Roughly 661% of persons with these potential reversible dementias will improve

with appropriate therapy. However, despite potential reversibility, most of the diseases

listed in Table I, particularly the brain disorders, are still disqualifying. Dementia

a.sociated with endocrine abnormalities, particularly hiypothyroidism, or deficiency

states such as pernicious anemia, may be completely reversible if the diagnosis is made

early in the course of the disease, before the dementia becomes moderate to severe.

It ,
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TABLE II - REVERSIBLE CAUSES OF DEMENTIA

Depression (pseudodementia)

Intoxication

Therapeutic drugs

Alcohol

Other substances (heavy metals, carbon monoxide)

Metabolic-endocrine derangements

Renal failure

Hyponatremia

Volume depletion

Hypoglycemia

Hepatic failure

Hypothyroidism

Hyperthyroidism

Hypercalcemia

Cushing's syndrome

Hypopituitarism

Brain disorders

Stroke

Subdural hematoma

Infection (meningitis. neurosyphilis, abscess)

Tumors (primary or metastatic)

Normal pressure hydrocephalus

Cardiopulmonary disorders (congestive heart failure, arrhythmias, chronic

obstructive pulmonary disease)

Generalized infections (tuberculosis, endocarditis)

Deficiency states (vitamin Bi2, folate, niacin)

Miscellaneous causes

Sensory deprivation (blindness, deainess)

fiospitalization (isolation or anesthesia)

Pecal impaction

Anemia

Remote effects of cancer
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Depression may also masquerade as dementia (pseudodementia). It is estimated

that approximately ZO% of individuals diagnosed as having dementia actually suffer

depression. With appropriate psychiatric treatment, it may be reversible. The decision

for certification of these persons is based on the criteria for depression found in the

mental and behavioral section.

Candidates with a history of progressive dementia should be disqualified from

'lyzng unless: 1) the cause is correctable and intellectual functions have returned to pre-

illness levels, as determined by thorough neurological and neuropsychological evaluations

(a flight simulator test may be required); and Z) the causative disease or medications

required to treat the condition are not disqualifying.

Alzheimet's disease

Alzheimer's disease, the most common cause of primary neurodegenerative

dementia, is age-related, with the highest incidence occurring in the population over 65

years of age. It is estimated that approximately 1.3 to 1.8 million Americans over the

age ot 65 suffer from this disorder. Of aeromedical importance is that at least 80,000

people in their forties and fifties suffer from this malady. In fact, the first reported

case by Alzheimer was a man only 51 years of age. Post-mortem investigations in both

presenile (under 65 years of age) and senile (over 65 years of age) persons with dementia

have shown the neurofibrillary tangles and plaques of Alzheimer's disease in half the

cases. Thus, this disease is probably the most common cause of progressive dementia in

the age group involved in recreational or commercial flying as well as support activities.

The disease effects both !ý.xes about equally. The rate of progression of the

dise44e is .,ariablt with marked incapacitation occurring within one year to 10 years

after onset. The subject of hetedity is somewhat controversial. AL first degree relative

of a proband with this disease has a several fold chance of developing the disease,

particularly if the onset in the proband orcurred at an early age. In addition, there are a

IV - 430

- - ,-.- - .ý



small number of families in which the disease presents as an autosomal dominant

disorder.

Since there are no physiological or biochemical markers for this disease, the

clinical diagnosis is mainly one of excluding the other causes of dementia. The definitive

diagnosis ultimately rests with histopathologic identification either from brain biopsies

or at autopsy. Biopsy is rarely used for diagnosis, the exception being unexplained

progressive dementia in the younger age groups.

The NINCDS/ADRDA workgroup has recently suggested the criteria listed in

Table M11 for the clinical diagnosis of Alzheimer's disease.4 Additional references are

articles by Terry and Katzman6 and Khachaturian. 7

The aeromedical disposition of persons with progressive dementia, which includes

Alzheimer's, has already been discussed. Because of the hereditary aspects, applicants

with a stong family history of dementia should be followed at frequent intervals.

Pick's disease

Pick's disease is a rare cause of presenial detnentia, particularly in the United

States, with the onset of symptoms occurring most frequently in the 6th decade of life.

Pathologically, the disease is characterized by lobar atrophy, particularly of the frontal

&a.nd temporal lobes. The signs and symptoms are similar to those with other dementing

diseases. The disease is slowly progressive and there is no cure. It has been reported in

fam ilies.8-9
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TABlLE II I

Criteria for clinical diagnosis of Alzheimer's disease
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Headache and Cranial Neur3Was

IntroductLion

Headache is one of the most frequently reported medical symptoms. It is rare to

find a person who has never experienced a headache. As noted by Goldstein anbd Chen,

approximately 75% of the general and patient populations experience headaches; of

these, around 18% will have severe and 9% very 5evere, recurrent headaches.

Headaches can be associated with both acute and chronic structurq a'urologicai

diseases, such as acute cerebral vascular disease, hemorrhage, infections, and brain

tumors. More often the neurological evaluation of persons who present with a history of

recurrent headaches is normal and the diagnosis is based primarily on personal and

historical information.

Approximately 1% of the general population may have the onset of disabling

headaches, including migraine, each year. Females are more predisposed to deveŽlop

headaches, and suffer more seeie pain than males. The highest frequency of recurrent

heauaches is reported between the ages of 15 and 54 years.z

In a study of women with migraine, only Z3% had visited a physician because of

their headaches during the previous year, and 4z-% had not sought -..nedicAl advice about

their headaches at any time in their lives. These percentages are most likely much

higher for males.3

Thereforte, headaches present a most difficult and challenging aerc ldledcal

prublcm. Not only can the pain tte-rie -with proficiency of performing airman duties.

the transmen neurological droficits, particularly with turain-,' •'an

*safcty. In addition, the large number oi prescription and nonprescription tedicat.oas

that ar'r ava:lable for trt:atmrent can in'.!rfere with pe;-formance.

,1A1)nllor et al present•4d the FAA with an in-depth revnew of migramne

1.4cadacthr and related condItonn. 4 In this section will be additional information on zho-,'

IV -433

LJ~ -* . . .. . . .~† †



conditions that cause the major problems for aeromedical disposition, such as benign

headaches that suggest structural neurological diseases, and the pt . with drug

treatment. Only those recurrent headaches not secondary to structura diisease will

be covered. Reviews of headache can be found in the publications of Packard,5

Critchley, et ai, 6 Ziegler, 7 Diamond and Dalessio, 8 and Selby. 9

After reviewing an applicant's records the FAA should determine the type of

neadache and its frequency, severity and treatment (prescribed or nonprescribed), and

determine that structural CNS disease has been ruled out as a cause of the headache. If

the information on these points is lacking or unclear, then a complete neurological

evalution is required before a disposition can be recommended.

Classification

The classification and definition of headaches proposed by the National Institute

of Neurological Disease. and Blindness (NINDB) in 196Z is still, for the most part, used

today (see attachment). Since there are no- biological markers for headaches, this

classification provides physicians with a set of useful guidelines. However, errors in

diagnosis axe not uncommon since the diagnoses are based primarily on history. They are

dep~endint oa the person's ability to describe symptoms, as well as the bias and judgment

of the physician. Thiz problem is documented by the study of Hirayama aLnd Ito, who

found prevalence rates Gf migraine ranging from 5% to 34i ;.n different Japanese

districts. 0 In all likelihood, this disparity is iv.•t due to different pvopulation

i•< rct'~stIcs •n the districts, but to varying physicians' interpretations of J4i%1rieS.

Recntly, Ziegler addrcsed two other problems r -:3.; " m:igrainv in part~cular

an.d to headache in general: 1) the aAccuracy of diagnosing an individual .attack and; .D thf.

accurac) with which a eprson can be- identifiedi as having a disease -entity.1 1 1

-mention.% that the nei-rologicai symptoms -and t<?!nporal profile of a cla."Sic mugrt•nf

at.tack are rclatlv.ly ea7sy to determine from the histtory. However. criteria fc.r the
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common migraine episode are less specific since theze is a great deal of variation in the

location of the headache and associated symptoms Juring indiv-.dual attacks in the same

person. He also .aises the as yet unax.;wered question as to the occurrence of several

types of headache in the sarne inoividual. That is, how many people with common

migraine may also have one, two, three or more attacks of classic migraine or muscle

contraction headaches? If they do have different forms of headache is there a common

mechanism or different mechan.ims? These questions can be aniswered only by future

physiologi,:al and biochemical investigations.

Because of these problems with the headache classification guidelines, the F'AA

should place more emphasis on determining the frequency and severity of headaches and

the presence cf neurological deficits, rather tha•z on definitive diagnoses, which is a more

holistic approach to the problem.

Minimum criteria for diagnosis

Because headache is such a common complaint, it is difficult to establish minimal

criteria for ..iagnosis. Since many people with recurrent headaches never consult a

physician, the emphasis sbould be placed on ancillary information that may be helpful in

identifying the headache victim or potential victim: 1) history of recurrent heaches in

childhood; Z) strong family 1istory of headaches, particularly "migraine;`' 3) history of

transient visual or neurological symptoms; 4/ consultation(s) with a physician because of

headaches; 5) a history of frequent use of over-the-counter drugs; 6) absenteeisin from

work; and 7) change in personality or work performance.

Childhood headaches

Recurrent headaches in children are not uncommon. Sillanpaa reported a 6%

incidence of headaches occurring at least once-or more per month in children 7 years of

age. Tne greatest percentage of headaches in children are either -nuscle contraction
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or raigraine. The prevalence of the latter is estimated to be approximately 4% in

children between 7 and 15 years of age. 1 3

It nas been reported that common migraine is more frequent in children than is

classic migraine. However, Hockaday reported a 59% incidence of the latter in his 12Z

childhood migraneurs. 14 Basilar artery and acute confusional migraine are more common

in children and adolescents that in the adult. In addition, the migraine syndrome

precipitated by minor head injuries is more common in chidlren (see section on head

trauma). A history of migraine is found in 73% of mothers and Zl% of fathers of children

with this disorder.

The incidence of abnormal EEGs is higher in children than adults with migraine.

Although nost of the abncrmalties are non-specific, consisting of diffuse slow-wave

* patterns, 17 of the 64 children with migraine studied bv Prensky and Sommer showed

spike or spike and wave. paroxysms, In a follow-up period ranging from three to nine

years, seven of these children had no personal or family history of epilepsy.

The relationship between migraine and epilepsy remains controversial. Some

studies indicate an increased incidence of seizures in persons with migraine as well as

family members, while others do not.1 6 The frequency of reported seizures in migraine

has varied between one percent and Z5%. Recently, Seshia et al reported seizures

occurring in 54 of 240 children. with migraine. Nineteen of the 54 experienced partial,

compnex seizures not related to a migraine attack. 1 7 Therefore, it appears that children

with migraine are predisposed to seizures. These may occur independent of a migraine

attack or during one. However, the celaticiship between migraine and seizures is still

controversial.

The prognosis for childhood migraine is generally favorable. Approximately one

third become symptom-free by puberty, and one third remain unchanged. However, not

uncommon is the person with childhood migraine who undergoes a remission during the

teenage years, and experiences a relapse in early adulthood. .•. 2
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Studies on the prognosis of muscle contraction headaches in children that are

severe or frequent enough to warrant medical attention are lacking. However, one would

suspect that these would likely continue into adulthood because of the probability of

persistence of the psyciogenic determinants of these headaches.

Aeromedical disposition

An applicant with a childhood history of migraine is qualified for certification

unless: 1) the migraine was associated with epilepsy; Z) the candidate has been left with

a residual neurological deficit (complicated migraine), such as a persistent visual or

motor deficit, which by itself is disqualifying; 3) the candidate is taking antimigrainous

prophlactic medication; or 4) the last attack of classic or complicated migraine occurred

within 5 years prior to application. Candidates with a past history of childhood migraine

who are certified should be evaluated on a periodic basis in order to check for

recurrence.

An applicant with a childhood history of other types of headaches, particularly

muscle contraction headaches, may be certified if: 1) there is no psychiatric

c ontraindication; 2) the candidate is not taking prophylactic drugs; and 3) if the

headaches persist, they are infrequent and not severe.

The migraine complex in adults

Introduction

The prevalence of migraine is approximately 9% for males and 16% for females.

Because of problems with definition, these percentages may be somewhat high. Migraine

is generally considered a hereditary disorder, although the mode of inheritance has not

been clarified. Forty-six percent of migraineurs have a positive family history of the

disorder in either parents or siblings. When grandparents are included, the percentage

Sraises to 55%. The familial association is higher for children with migraine than for
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adults. Ninety percent of persons with migraine suffer the first attack before the age of

40 years, and Z0% have thir first attack in the first decade of life. A number of

precipitants to attacks have been identified, including foods, stress, hormonal changes,

oral contraceptives, and bright lights. Drugs such as reserpine and vasodilators may also

precipitate attacks in an already migrainous person. However, most of the time attacks

occur without identificable predipitants.

The definitions of the various forms of migraine (common, classi-, cluster) are

contained in the AMA's 1979 report to the FAA. The term, complicated migraine, has

crept into the literature and has caused some confusion. Selby uses it to describe a rare

migraine variant in which visual or focal neuological deficits outlast the headache and

may even become permanent. 9  Others use it to refer to migraine with dramatic

neurological deficts, and as such, the term overlaps with classic migraine. Persons with

persistent defict of vision, ophthalmoplegia, hemiplegia, and acute confusional

(dysphrenic) migraine are included in Selby's complicated migraine syndrome. Persistent

neurological deficits have been reported in migraine, usually in the older age group. 1 8

Because of the high prevalence rate of migraine in the general population, and the

vaeying presentation of attacks in the same individual, and among other migraneurs, it is

difficult to establish guidelines that would allow migraineurs to pilot aircraf't, yet not

unduly compromise flight safety. For aeromedical purposes, it is best to consider all

types of migraine as one entity, and base certification on the frequency and severity of

attacks, and associated neurological deficitis, rather than on specific diagnoses.

Frequency and severity

The frequency of attacks is extremely variable from one migraineur to another.

There are no recent data that address this issue. Selby 9 states that 50% of individuals

with common migraine will experience one to four headaches per month, 10% to 15% of

these people will experience less than 12 attacks per year, and 30% to 50% will
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experience episodes as frequently as three times per week. With classic migraine the

attack rate is much lower, usually less than 10 episodes per year. Some persons may

experience only one to three episodes per year and is not uncommon for symptom-free

periods longer than one year to be reported. Data on the frequency of attacks in persons

with complicated migraine are not available.

The severity of an attack also varies within the same person. Over sixty percent

of individuals with common migraine will be pain free in less than 24 hours, 16% within

48 hours, and in the remaining the headache can persist for longer than 48 hours. With

classic migraine the headache rarely exceed 8 to 1Z hours. Assessment of severity can

be difficult since interpretation and reaction to pain are extremely variable.

In assessing the severity of migraine attacks, the pbysician should be mindful of

and obtain information about the following: 1) migraines are more severe in women; Z)

migraines are more severe at onset o. sleep; 3) the intensity and frequency may be

inferred frcm the numbet and amount of drugs used to obtain relief; 4) the intensity and

frequency may be infeýrred from sick leave and absenteeism; 5) there may be associated,

nonfocal, neurological symptoms such as nausea, vomiting, and lightheadness; 6) there

may be increased sensitivity to light, noises and odors; 7) there may be problems with

concentration, slowness of thought processes, and other problems with cognition; and 8)

there may be prolonged and disabling postheadache malaise.

Associated neurological deficits

The following major focal neurological deficits are assoc..ated with migraine

(classic or complicated): 1) visual; Z) motor, sensory, language disorders; 3) vertigo; 4)

syncope; and 5) acute confusional states.

Visual

Visual disturbances are the most frequent neurological problems that oc4ur with
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"* classic migraine. Also during the course of common migraine, a person may experience

occasional episodes of visual disturbances. This fact has raised the question that all

migraine may be one entity.2

The visual symptoms may also occur independent of a headache, which is called

migraine equivalent. The visual symptoms with migraine usually include positive or

negative scotomata, visual field defects, and amaurosis from retinal migraine. Visual

hall cinations, illusions and disorders or cortical visual function have been occasionally

described.

The attacks are generally not stereotyped. The visual aura prodrome (aura)

usually lasts ten to 30 mintues and is followed by the migraine headache. On occasion

visual symptoms persist into the headache phase. The visual deficits may be

permanent. 19

A rare visual accompaniment of migraine is involvement of the extraocular

nerves. Most common is involvement of the 3rd nerve, then the 6th, and finally the 4th

* nerve. The headache usually develops first and the extraocular movement deficit usually

lasts for 1 to 4 weeks thereafter. Therefore, this type of migraine is classified as

complicated.

Sensory, motor and language symptoms

Focal sensory, motor and language symptoms can occur either during the

prodromal period, during the headache, or after the headache has dissipated. Sensory

symptoms occur in approximately 50% of people with migraine. They usually begin

unilaterally in a hand and progress to involve the entire arm and face (cheiro-oral

migraine). When severe, function of the extremity can be impaired.

Focal motor deficits during the prodroine are less frequent and severe, although if

the prodromal period is prolonged, profound weakness may occur. Dysphasic and

dysarthric symptoms may also occur during the prodrome.
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Focal sensory, motor or language deficits that persist after the headache has

abated are classified in the category of complicated migraine. Sporadic or familial

hemiplegic migraine has received the most attention. Although rare, the impairment it

causes can be devastating. The paresis can shift from side to side in different attacks.

Although it may be a single event, it usually recurs. Persons with this disorder have a

history of common migraine. It is more frequent in children and adolescents.

Vertigo

True vertigo occurs in approximately 10% of migrainous persons during the

prodromal phase. It usually lasts less than 15 minutes. It may be the only aura, or it may

be associated with the other neurological symptoms, particularly those caused by the

brain stem ischemia, of basilar artery migraine. This form of migraine is wore frequent

in children and adolescents. Unlike hemiplegic migraine, the symptoms clear before the

headache begins. Drop attacks in migraine have been attributed to this farm of

migraine.

Syncope

Although loss of consciousness can occur in basilar artery migraine, it is usally

independent of this disorder. Females are more predisposed than males. Tt occurs most

often in the headache phase. The exact incidence is not known.

Migraine equivalents

Auras not followed by headache are referred to as migraine equivalent. These

N *occur primarily in classic and less frequently in common migraines. The symptoms are

most often visual or vertiginous. Transient disturbances of motor, sensory or speech

functions are less common and should alert the physician to other causes.4..
As people age, the auras of migraine, particularly visual auras, may persist
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without headaches. Middle aged women with recurrent, short, vertiginous episodes may

have a history of past migraine attacks. Migraine equivalent s are infrequent but they

may be confused with cerebral vascular disease.2 0

Mitral valve prolapse

Mitral valve prolapse has been reported in approximately 21% of persons with

vascular headaches, which is significantly higher than its occurrence in the general

population. Z1

MRI or CT scans

Selby9 su:,marizes the results of investigations on the CT evaluations of

migraineurs during an acute attack as well as during asymptomatic periods. Most of the

studies were on selected groups of individuals, usually those suffering from severe

migraine. Therefore, the true incidence of CT abnormalities in the general migraine

population is unknown. The CT findings that have '>een reported are mild cerebral edema

during acute attacks, cerebral infarction, and focal or generalized cerebral atrophy. In

some cases the radiographic signs of iifarction did not correlate with the symptoms,

most likely indicating a previous event.

CT scans are not routinely performed in a migraineur unless the physician suspects

another cause for the person's headaches. In the event that one of the aforementioned

abnormalities is noted and the subject otherwise satisfied the criteria for certification, a

complete neurological evalution should be performed.

Drug treatment of migraine

In Table I and II are listed the drugs most often used in the treatment of acute

attacks, as well as prophylaxis, of migraine. Recent reports ir.dicate that calcium-

channel blockers such as verapamil may be beneficial.
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TABLE 2. Drugs for prophylactic treatment of migraine headache

Drug Dosage

Those acting as competitive serotonin inhib-
itors by simulating action of serotonin on
receptor sites
Methysergide maleate, (Sansert) 2 mg tji.d.
Cyproheptadine (Periactiri) 4-16 mg daily as tolerated

Those producing vasoconstriction, sedation;
antispasmodic
Ergotamine, phanobarbitai. and bella-
donna

Bellergal 1 tablet q.i.d.
Bellergal-S I tablet b.i.d.

Those preventing 'iasdilatation by blkOc-kiflg
beta-adrenergic receptors on blood ves-
sels
Propranolol hydrochloride (Inde"a) 40-120 mg daily in divided

dos"s
Those inhibiting uptake of norepinephnine

and serotonin, including tricyclic depres-
A sants

lmipramine hydrochloride CTotranit) (50-150 mg in divied doses)
Amitiiptyline hydrochloride (Elavil) (or~ once daily at bedtime)

Those having a stimulating etffCt on arteria
alpha receptors
Clorudine, (Catapreq) 0.1 mg b.i.d. or t.i~d. (dosage

may be increased gradually
by increments of 0. 1 mrg)

Miscellaneous group
Tranquilizers
Sedatives
Muscle relaants
Heann
Lithium cwbonate
LevodopR

* Bromocnptine
indomethacin
Prednison,

-* Estrogens
Sorotonin precursor
Papavenne hydrochlorids
Anticorivulsanis

source: REF 22

Al A.
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With the exception of mild, non-n-pcotic analegesics, the drugs for the treatment

and prevention of migraine are disquaiiying for flying.

Aeromedical disposition

It is extremely difficult to est b0,h strict medical certification criteria for a

neurological condition so common and varied as migraine. The data presented in this

section have come from investigations that have relied on historical information. There

are no recent studies on the natural history of this disease that can be used for

aeromedical disposition. Until such time when biological or physiological markers are

discovered that will allow us to predict with greater accuracy the natural history of this

malady, we will have to rely on these data, imperfect as they may be. With this in mind,

we propose the following guidelines:

Acute migraine: An airman with an acute migraine attack should not be allowed

to engage in airman's duties until he or she has re'covered completely and has been

granted clearance by a physician.

Recurrent headaches without focal neurologcial deficits (common migraine):

Applicants with a history of more than four to six severe headaches per year should )e

disqualified. This is an artibtrary figure. There may be persons with more frequent but

less disabling headaches who, after neurological evalution, may be granted a certificate

(an example of this exception is a woman with menstrual migraine). Candidates using

any of the drugs listed in Tablc II prophylactically should be permanently disqualified.

Focal neurological deficits: Candidates with a history of any focal siigns or

symptoms should Le disqualified permaunently from flying. This includes symptoms that

occur prior to or during the headache, or persist afterward. A possible exception to this

would be applicants who only rarely experience (perhaps once every 2 years) classic

vLsual prodromata. These candidates must receive neurological clearance before

c,:rtification. This also applies to applicants who suffer frotm nondisqualifying common
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migraine who, on rare occasions, have focal symptoms. e•

Candidates with a history of vertigo or syncope with attacks of migraine should be

disqualified permanently, unless these sympotms are extremely infrequent. Candidates

with a history of acute confusional or vertebral-basilar artery migraine should be

permanently disqualified. Candidates with a history of seizure activity associated with a

migraine episode or occurring at any other time should be permanently disqualified (see

section on epilepsy).

Persons with migraine who otherwise satisfy the neurological criteria and have

mitral valve prolapse should satisfy the cardiovascular criteria for this entity.

Candidates with migraines and abnormal CT scans who otherwise satisfy the neurological

criteria should receive clearance from a neurologist before certification. Finally,

candidates with a diagnosis of migraine equivalent should be disqualified permanently

unless their episodes are extremely rare.

Ciuster heidaches

Cluster headaches occur predominantly in men. Mean age of onset is about 30

years. The prevalence rate has been estimated to be 0.45% for males and .08% for

females. The signs and symptoms are shown in Table III.

Despite their short duration, cluster headaches are perhaps the most severe and

disabling. Several attacks may occur in a Z4 hour period and not infrequently they mIAy

awaken the individual from sou'-d sleep. In retulsion periods, which may last one year or

longer, the individual is entirely normal. Some peros.ro will not experience rininsio..s

And suffer from cluster headaches almost daily (chronic wigrainou. neuralgia). Thin

condition has been treated with retrogasserian injection of alcohol.

Persons with clust,:rs may also experience typical migra;ne attacks. An increasedr

incidence of peptic ulcer disease has been reported and it has been suggested that

:,)r'onarv arte'ry diseasei may also bef more prevalent in persons with this fisvas,.
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TABLE III

PROFILE OF CLUSTER HEADACHE ATTACK

Cludter p-rctods b,--12 weeks*
Re~icsson p, enodr 12 m1lont,ý

Frequency 1-3 dA*
Duratzoni 4,5 minutes
Lc-aton Unltera

Oculotemporal
• ent}Eux iwuung

Ch~ruacter Bring. nonthrobtung
k.mxted s% mptoms UnLaterni

La.'cnmrtion
R~hinrrhea

Partal Homer's
Indutetun 'VsodL~tors. akohol. BENI?
Sehsvior in ut.ck Walking sitting. rkming

*Average values
+RE2MI Rapid eye movement

source: KEF 23
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The treatment modalities both for the acute phase as well as for prophylaxis are

similar to those for migraine. A short course of prednisone is today the most popular

treatment regimen. Recently, an association between cluster headache and herpes

4j simplex has been postulated.2 4 In all likelihood, acyclovir will be used in the future to

manage these attacks.

A more chronic variant of cluster headache is chronic migrainous neuralgia, which

is severely deblitating. The surgical treatment of this condition has recently been

described.Z5

Aeromedical disposition

For persons with attacks of cluster headaches that occur less frequently than one

per year: Candidates with a history of cluster headaches should not engage in aviation

activities during the headache period. They may return to flying during the cluster-free

'• period provided they are not taking prophylactic medication.

Candidates with more frequent cluster periods should be disqualified

permanently. Applicants with chronic wigrainous neuralgia should be disqualified

pe<rnanently from flying. If they are treated surgically, they must be symptom-free for

a period of one year before they way be considered :or certification. A neurological

consultation is required.

Muscle contraction headaches

Thsis the tuent common caus.e of recurrent zund chronic heada c 1% . M ostI peo

oexperience infrequrnt muscle contraction headaches, which are seli-hlmnted knd not

Scvere. Thl most frequent cause of recurrent or chronic mutscle contraction headaches -s

mn-ntal prohl-•ems, particilariy drprestion, which is Uhouiht to be. the cause Mf '.s

in %of casqs.- The headache is located at points of imsertcon around thr hewad,

.1 ,, part:v Jlarlv .:t 'c- :nia;ttd line. ruperior -risertion of t•h- tmporals, and alnc h,-
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eyebrowsAZ7

The most reliable historical features of this type of headache are: 1) a sensation

of pressure or tightness with pain, which is worse in the posterior head and neck region;

Z) pain that increases as the day progresses; and 3) a preheadache history of anxiety or

tension. Nausea and vomiting may accompany the headache. Muscle contraction

headaches can occur in persons with migraine. In Kudrow's study,2 8 (Table IV) persons

with subacute or chronic muscle contraction headaches often had a positive history of

migraine. Persons with chronic muscle contraction headaches present many problems in

pain management and their rehabilitation is not very satisfactoxy.

Cn occasion, headaches resembling the muscle contra.tion type may be caused by

dis-ease of %he cei'vical spine and cor.tiguous structures, as well as intracranial neoplastic,

de-,elopmental and inflammatory diseases. These can be ruled out by appropriate

neurcllogi:al studies, including radiographs and CSF analysis.

Aeromedical disposition

The major aeromedical problems are determining the frequency and severity of

the headaches, ruling out organic causes, identifying predisposing psychiatric conditions,

and determining if the candidate is abusing medication. Airmen with infrequent, acute,

severe muscle contractiou headaches should not engage in aviation activities during the

acute attack. Airmen with recurrent muscle contractio, headches should not be

certified if they occur more than once every one to two months (this is an arbitrary

figure) and are severe. Certification of these airman is dependent on a normal

neurological examination, rio evidence of a disqualifying psychiatric condition and n.)

evidence of chronic drug abuse. Airmen with chronic muscle contraction headaches

.hould be aisqualified permane-itly.
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TABLE IV

CHARACTERISTICS OF SCALP MUSCLE CONTRACTION HEADACHE

Scalp muscle contraction headache

Features Acutoa Subacuteb .hronic

Frequency Occasional 2-4/Wk Daily
Duration Hours 1 Day Constant
Intensity D0ll Dull Dull
Location Genorai Ffont-occ Front-occ
Laterality Bilateral Bilateral Bilateral
As•!catWd symptoms None None None
Migraine status Negative Positive Positive
Analgesic use Occasional Often Excessive
Respon-ig Zo

Analgesics Ex%;ellent Fair Poor
Amit.nplyline -- Excellent Good

"Data obtained from genirai medical population.

',Data obtainedI rtm headache clinic population.

source: REF 28
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Acute headaches simulating structural CNS disease

From time to time the FAA will encounter a candidate with a history of acute

headaches related to a specific event, particularly exertion. These headaches are severe,

but brief. Because of these features, they suggest the presence of neurological disease,

such as a subarachnoid hemorrhage, or disease causing increased intracranial pressure,

like brain tumors. They are more frequent in males and in persons over 40 years of age.

Exe-tional headaches have been subdivided by Diamond and Medina into three categories

based upon activity. 1) those activities that increase intrathoracic pressure, such as

coughing, defacating, and lifting; Z) those activities that raise blood pressure, such as

orgasm and excessive exercise, and; 3) those activities -that cause traction of intracranial

structures, such as jumping and head rotation.2 9

Li addition to the short duration headaches, a prolonged benign exertional

headache has been recently described by Diamond and Medina. The mean duration of this

type of headache is approximately four hours. Exertional headaches frequently occur in

persons with migraine and cluster headaches.

The prevalence of associated neurological disease varies according to the type of

exertional headache. With cough headache, 6 of Z7 persons had organic disease. Of the

Zi persons with neurological disease, more than one half experienced improvement while

in the remaining cases, the symptoms persisted. 3 0

In Rooke's study of 103 patients with exertional headaches, 10 subsequently

developed anomalies c. the posterior fossa, such as an Arnold-Chiari malformation. This

study was performed in the pre-CT scan era. Therefore, the prevalence of structural

neurological disease associated with exertional headaches may be higher. The natural

history of exertional headaches is not known. 3 1

Migraine may occur with acute effort, particularly at high altitudes. Vascular

headaches in untrained athletes are not uncommon. Persons with exertional headaches

Smay also suff r from underlying endocrinologic disease, such as a pheochroinocvtoma.
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The initial coital-induced headache simulates a spontaneous subarachnoid

hemorrhage because of its explosive nature. However, it is of short duration and not

associated with vomiting, and the individual recovers without residua. It is extremely

variable in frequency and runs a benign course.

Aeromedical disposition

Candidates with exertional headaches may be certified provided that: 1) CNS

disease has been ruled out (a neurological consutation and CT scan or MRI scan of the

head must be obtained); 2) there is no associated disqualifying medical condition, such as

hypertension or pheochromocytoma; 3) if the candidate also has migraine, he or she

should satisfy the criteria for that entity; and 4) the attacks of acute headaches are

infrequent and would not jeopardiaze flight safety.

Drug abuse and headaches A

One of the more challenging areromedical problems is the identification of the

airmen who resorts to the daily or frequent use of over-the-counter or prescribed

analgesics to contpol headaches. Detecting these individuals is not easy, particularly in

the early stages of abuse. Usually they first seek medical help when their pain has

become refractory to drugs and side effects have occurred. At this point treatment and

management become exceedingly difficult. It is estimated that approximately 30% of

persons who are referred to a headache clinic have chronically overindulged in various

types of pain relieving drugs. 3Z

Obtaining an accurate history of abuse is vwry difficut. This is probably more of a

problem in aviation, since detection usually means suspension from flying activities.

That a pilot is abusing drugs may only be discovered when a complication has occurred,

for example, a gastroirntestinal hemorrhage from overuse of aspirin, nephropathy with

phenacetin, or symptoms of withdrawal from barbiturate preparations. N dvcrtease in
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work performance, change in personality and increased absenteeism may signify a drug

abuse problem. In some cases, concerned family members or fellow aircrew members

may report the problem to a physician. If the FAA suspects a drug problem in the

management of headaches, appropriate blood and urine screens should be obtained.

In Table V the analgesics used by ZOO patients with chronic scalp muscle

contraction headache are listed. Thirty-eight percent of these patients used analgesics

combined with sedatives, tranquilizers or muscle relaxants; 31.5% used analgesics-

narcotic combinations; Z8% used mixed or single antipyretic analgesic compounds, and

Z4% used propoxyphene or pentazocine chronically. Approximately six pills were

consumed on the average each day.

In Table VI are listed the most common non-prescribed analgesics that persons

may take for chronic headaches. rable VII contains a selected list of the most commonly

prescribed analgesics.

"In addition to acute CNS toxic side effects that are dose related, central nervous

system symptoms such as mental choages, depression, impairment of psychomotor

performance, decreased reaction times, and sleep disturbances can occur with chronic

use. Withdrawal symptoms usually occur with both barbiturate and nonbarbiturate

sedatives. One of the more cvmmoniy prescribed analgesics for headaches is FiorinalR

Most physicians do not realize that it contains a barbiturate derivative. Withdrawal

symptoms have been reported in persons who have used this drug for 6 months to 2

years. 5aper mentions that in his experience, withdrawal symptoms may follow rapid

discontinuance of chronically administered nonsedative over-the cotnnter medicines.

Two other medications are worthy of mention, caffeine and ergot, since they are

frequent'y used in the management of headaches, particularly migraine. Most analgesic

preparations contain caffeine mainly because it is reported to enhance analgesia,

although this is debatable. The caffeine content of common drugs is listed in Table VIII.

In Tzible IX the content of some foods is listed.
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VTABLE Analgesics used by 200 patients with dhrow sc"4 muscle contraction headachea

Patient
Analgesics distribution

Class Generic N %

Antipyretics solely Aspirin, acetaminophen, or
(single or combination) phenacetin 56 28.0

Plus sedative, tranquilizer, Barbiturate, meprobamate,
or muscle relaxant orphenadrine, etc. 76 38.0

l Plus narcotic Codeine oxycodone 63 31.5
Plus narcotic-antagonist Propoxyphene, pentazocine 48 24.0
Others 37 18.5

a Based on 1-month prestudy record.

source: REF 28
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TABLE VI Composition of Selected Nonprescription Analgesics

ACETkN1I-

ASPIRIN )OPHEN ('%FFElNE
\1GC \C \OTHER

Plain aspirin 300-325 - -
Tylenol - 325 -

Datril - 325 -
Excedrin P.M. - 500 - Pvrilamine maleate'
Excedrin E.S. 250 250 65
Bufferin 324 - - Buffers
Empirin 325 - -

Ankin 400 - 32
Percogesic - 325 - Phenyltoloxamine citrate, .30
Cope 421 - 32 Buffers
Vanquish 227 194 37 Buffers
Midol 454 - 32.4 Cinnamedrine. 14.9
Sinus drugs Simple - Decongestants & antihista-

analgesics mines

source: REF 32

TABLE VII Conposition of Selected Prescription Analge.sics

4A UL

ACET'AMI. ABLE
ASPIJUN NOPHEN PHENACE. CAFFEINE WITH

DR1(. 'IC" RU, TIN ,G, 'IG, CODEINE OTHER

Fiorioal 200 130 40 Yes Butkbib , ,5o mg

Empirin 325 - - - Yes
Darnon 227 - 167 32 No Propoxvphcne. 6,5 m

Compound
Percod&n 224 - 160 32 No Oxvcodone
Percocet - 325 - - No Oxvcodone

h\ drochloride
Esgic - 325 - 40 No ButaJbital. 50 mg

Dialog - 3w0 - - No Alobarbital. 15 mg

Synalgos 356 - - 30 No* PromethAzine
hydrochlondr

Nficrainin 325 - - - No \eprobamate. 200 mg

*Available with semisvnthetic narcotic analgesic.

source: REF 32
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"TABLE VIII Caffeine Content of Common Dnigs

DRU'G ,fg URt' .g

k. P.C. 32 Anacin 32
Cafergot 100 Bromoselhzer 3-2
Daron Compound 32 Cope 32

* FiorinJ 40 NMidol 32
%Iigr4d 50 Vanquish 60
V'igr-ine 100 Excedrin 66
Pre-Mens 30

source: REF 32

TABLE IX Caffeine' C,,ient ,f Food

lirr'wtd koffer clip, 111- [t

(lXna k-,ec 'cup 6•5..W

Thxi,.gteph 2.3Co 4ut,

source: REF 32
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Caffeine, although a stimulant, has been reported to decrease the pain of migraine

by causing constriction of the extracranial arteries, although this theory has not been

verified. Some persons with migraine can abort a headache with several cups of coffee

and over-the-counter medications, which, unknown to them, also contain this compound.

If they use caffeine on a frequent basis, they can develop symptoms of caffeinism, which

include mood disturbances like anxiety, irritability, agitation, disorders of the sleep

cycle, lighteadness, palpitations, and gastrointestinal complaints. Withdrawal causes

headaches, malaise, and lethargy. Caffeine withdraw headaches can also occur in

subjects who are heavy coffee drinkers when they rather abruptly stop their intake, or in

persons who abuse ergot compounds containing caffeine (CafergotR) for the treatment of

migraine. A vicious cycle is thus established; the physician is confronted with not only

treating the migraine headache, but also the headache resulting from withdrawal of

medication.

Ergotamine is one of the more useful drugs for the management of the acute

migra•-•- attack. The signs and symptoms of ergotism %re well documented and include

mental changes, seizures, muscle aches, ophthalmological complications, brain ischemia

and periperal vasoconstriction leading to ischemic changes in the heart and ettremities,

and peripheral neuropathy. A not well-recognized chronic effect is the ergot headache, a

withdrawal headache that develops insidiously in individuals who not only use large

amnounts daily, but also in those who use relatively small and infrequent doses, such as

two to three times per week. Over time, they become more dependent on the medication

and require ancreaing amounts to control the headaches. Finally, the other

com11plications of ergotism develop.

There are no ready solutions to the problem of drug abuse in the treaztdent of

chronic headaches. The problem of detection have been discussed. IncreaserI emphasis

,n physician and lay person education is needed,

IV - 450



Aeromedical disposition

___ Candidates with a documented history of drug abuse for the treatment of

headaches are permanently disqualifed from flying unless: a) the cause of the headache

is not disqualifying; b) the drug abuse problem has been cured; c) no permanent medical

or neurological residuals from the drugs, as determined by a thorough examination

including neuropsychological studies, are found.

Cranial neuralgias

Trigeminal and glossopharyngeal neuralgias are the two most frequently

encountered neuralgias in clinical practice. Although greater occipital neuralgia has

been considered as a definite entity, its ex-t'mco has been refuted.

Trigeminal neuralgia (tic doulourewi)

Trigeminal neuralgia occurs moot frequently in the 6th and 7th decades of life.

Females are twice more likely to develop this than males. Familial cases have been

reported, and in Z0% of these, the pain is bilateral. The pain is far more frequently

unilateral in nonfamilial cases. The cause is usually idiopathic in the older age groups.

Recently, Janetta stated that the most frequent cause of this disease is vascular

pulsatile compression of the trigeminal nerve, particulazly by the supcri,)r cerebellar

artery. the ovset of !he classic -ymptoms of trigeminal neuralgia in the younger age

group should alert the physician to other causes, such as multiple sclerosis, arteriovenous

mallormations And brain tumors. The branches of the 5th cranial nerve that are most

frequently involved in zhe neuralgia are mandibular and maxillary comhbi.cd (306%),

mandibulazr alone (W0%). all three dirisions (16%), maxillary alone (14- , maxillary and
,r|phthaltnc (11.5%), aad ophthalruic lone (3%).34 The primary pain site is listed in Table

X.

The pain with trigetiinl neuralgia is of short duration, but extremely sev'*rc. It
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TABLE X

PRIMARY PAIN SITE IN TRIGEMINAL NEURALGIA*

Site No. of Cases Percent

Supraorbital 22 5

Infraorbital 200 46

Inferior dental 57 13

V, other 8 2

V2 other 53 12

V3 other 35 8

Multiple 63 14

Total 438 100

V I indicates fifth nerve, first division; V., fifth nerve, second divisiot
and V3 , fifth nerve, third division.

sourca: Ref 35

4s.
4'*
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usually occurs in runs of repetitive attacks over a period of minutes. Most often• it is

triggered by touching the involved area or by talking and eating. In the beginning the

attacks are infrequent with tong periods of remission. By the time the patient cons.. a

physician, he or she is usually functionally disabled by the pain. Rarely will the dis. Se

run a benign course. Medical treatment, particularly the prophylactic us- of

carbamazapine (TegretolR) is very helpful in the early course of the disease. Ot-- - aS

that have been used are phenytoin (DilantinR) and baclofen. Over time, the .avorable

response to medication decreases in Z5% to 50% of patienis, and surg. al relief is

required. A number of surgical techniques have been employed ovei the years. At this

time percutaLneous radio-frequency gangliolysis of the gasserian ganglion and

inicrovascular decompression of the trigeminal root are the tones most often used. With

the latter, approximately 80% of patients remain pain f:-ee for at least Z4 raonths. With

the farmer procedure, 69% were asymptomatic after one year; however after 5 years this

percentage was reduced to 35%.36 Postoperative complications with the above

procedures occur in about 10% of patieýnts.

Acromedwial disposition

Candtdates with a history of trigeminal neuralgia should be psrwiwently

disquaiafied from fly)ing unless: 1) the disease has bien de'ertnined to be benign, that is,

only rare paroxymts occur tha-t are- not incapacitating and that do not require prophylactic

drugs for management (a neurological consultation is recommooded). Certified

Candi dates shoud be foflowed at 6-month intervals; 4) if surgical prmcedures arc

* performed, candida~es may be considervd for certification if they have rcmamned pain

-meo off prophylactic wedicines for a minimum nf six months after recovery from the

operatinn. Ln addition, they must n<>t have suffered powtopo.raive comr-licat:'ns. which

tht ms-ives, arc! dirsqualifing.
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Glossopharyngeal neuralgia

This conditon, much less frequent than trigemi'al neuralgia, begins after 40 years

of age. The pair characteristics and course are similar to those with trigeminal

neuralgia. Howver, the pain is located in the tonsillaz area and base of the tongue with

radiation to the ear. Swallowing is the main triggering event. This form of neuralgia

- .mAy be associated with cardiac arrest and syncope. 3 7  The cause is unkown.

Carbanazapine (TesretoIR) or phenytoin (DilatinR) may be effective in preventing the

painful paroxyms. Several surgical procedures have been tried; however, the number of

cases treated is limited. Therefore, there are insufficient aata on long term followup.

Aeromedical disposition

Candidates with a history of glossopharyngeal neuralgia should be disqualified

permanently from flying.

Other causes for headaches and face pain

There are other causes for headaches and face pain, namely intra-and extracranial

diseases that are not covered in this section. The reader is referred to the references

listed in the introductory section of this chapter for further information. Dispostion is

dependent on establishing the cause, the frequency and severity of pain, the use of

medications and reversibility of the conditon after appropriate medical and/or surgical

treatment.
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ATTACHMENT77

2. N Iw-de-Ceentr.,vtion Headachaie
3. Combined Headaceli: Vascular anid Nice ve-Cutitraev.

Special Communication 4 u ofNuae aomtr na.if

5. Headache of DelusionalI, Convormiori, or flyptwhonedri-
iaval States.

6. Nonmigairentmom Vasecular Hetac:mjv,&s
7. Tractkon Headaenvi
8. Headaheim Dolse to Overt Cranial lieflaammatiomm

9,13. He'adachcDe to,., Diwcase of Ovtmlar, Ammal, Na~sal an'd
1 * t~~ * . Sitinsal. Dviital. or Other :rauimial oar Nec~k Stnm~ures.Classification 1.Cranial Nuaga

Classificationof H e dache1. Vascular Headaches of Migrninc Typc.-lb.ctir.of H e dach erent attacks of headache, widely varied in intensity.
frequency', and duration. The attacks are commoitiv
Lmnilateral in onset; are uostally associated with,

Ad HocCcottnsittee on anorexia and, sometimes, with nauseat and vomnit-
Chissijicatioi: of Headlache ing; in some are preceded by, or associated wvith,

conspicuous sensory, mootor, and mood clistwhrances;
and are often familial.

11 i[ TEIIM "ITEADACIE" ciommonly denotes Evidence supports the viewv that cranial arterial
7 ~dpi rmbo lvlu.Ti uln ~kisetioni and dilatation are impiort intly inipli-

-%I ichadatches somewiact raorL' broadly; it covers! cated inl th painful phtase buat cause no pernnatient
1w pinfutl and nonpainful discomfot;s of the chan~ges in the involved vessel. Listed Weow are

ývhead, including the face and upper nucha. particuilar varieties of headache, ezachi sharing some,
Nltl so muich that a man describes as headache boot not nece-sarily all, of the aboive-mentioned fea-
a' m any abnormal head sensation, it is essential, tiores:

'rope.r treatment, too determine w"hether the (A) 'Classic" ~iignthia.-Vascular headaiche wvith
toillijitit is alctallyll one of pan sharply defined, transient visual, and other scnsory
11.%eftil scheme for the classification of the or mo~tor prodromes or both.

it-ties of headitche is oneC based on patin mechan- (B3) "Cootaeont" 311graitse.-Vasetilar livadatche
SThe divisions rest onl exiocrimL'ntal and cliniicral %vitleemot striking prodromems and less often ameilateral

!.etogthtr wth easnabe ifcrncc Th stry than A and C. Synonyms are: "atypical migraine"
lar from complete; yet the arrungement can o akhedce alm teto t etu e
%e v' its a framc'vork for diagnostic criteria for the lationshipis of this type- of Iceadaclse to eniviron-

:-,iier clinical tvtpes of headlache and, by emphasis mental. occupationtal, menstrual, or other variables
I'lha5 ic mechanisms, it offers a logical approachl to arc such terms as: "summer," Nlondav," "week-

dw, planning of thcrupetitic trials. For convehinene, end. relaxation," pro.ntial n mesra
sla et and simple names are suggested for certain (C) Clasir lc'lce.Vsulrhadce
lii.mijor enitities and are indicated in boldface type. (C'lutr edh.-aca iaah,

1N%.ntial inl the studty of headaiche, in most in- prc'clooniaaantly umnilateral on thec samne side, usually
'taives. is ain appraisal of its close link to the tul- IssoKciatedl with Rutshing. sweating, rhinoorrlsca. and
twill's sittcation. activities, and attittldles. Some- i3KT'1Ist latcrimation; b~rief in duration mid iasiually
Ilinvas in obvioti ways, mrore' ofte'n in siil)tlc ons olccurring in closely paicked grouips separated by
I'eadaclae may hoe the pritwilxal manifestation of lonig rennission s. Identicral or closely allied are .:

''aepcrav o (lflL'tltis ire, aijest arytlmroprosopalgia (Blung); ciliary or mgaie1,11urr rstistained dilvd iein lif adjraaeomm
elcetatt. TlaLume relationiships tire notably evident in liemralgia (I larris). c.rythromelalgia Of thee hieadi or
(;tlll I throuogh 3. losaillmnillie #Vplmalgia (1 lorton ); and petrosal nieat-

Tahl te Cecaket.ralgia (Gardnier et al.).
Tahl 4d ionlsits(D) 1'Imiuie -i~~c"il ligraiine tasd *Opllwlniopk'.

i. v.,wemlm~r lite;1jlavlcof mii Natilr~em Tg ic"' W4r~~c-wvia h'eadlache Ieatirer(d It% sen.
it. -(:l.%%ic- NtiUrAi't S(qa~ .111dI wotor pllitnolncna whichl persist dioritigIs. -011111m14"1" Ntigraemw aemi aftier lthe headache.

1). Ieuel iv" acd )Opietlu~nseeplegic" tigraitiea (E') 'Iovwer-laul" 1ttech.ladh of pxis-
-- E. I.t'llarl*m.*wsibly vascular niechmaiisen, centered primarily inl

~ ~aithe lower face. Ini this grouip there may be some
11. t. .. lea" Looolor.Aliia" o. iril. oistoics o "atvpieval facial~ neteraclgial. spheenac.

F,..., GC,. W.0 -~ ~ ~ ~ ~ ~lhn ganglioti neuoralgiat (Shadter), amd vidiatit.: ee. 41. al. neragi ( Vail).~ts
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2. Niuseke-Contraction [leadache.-Ache ijr seus.i- (B) Hernatomas (epidural, subdural, or paren.ý
tions of tightness, pressure, or constriction, wide~ly clivinal).
varied in intensity, frequency, and duration, sonic- (C) Abscesses (epiduiral, subduiral, or paren.
times long-lasting, and commonly suboccipital. It vitymal).

* is associated with sustained contraction of skeletal (D) Post -biutibar-princtrirc headache ("leakage'
muscles in the absence of permanent structural Iheadache).

*change. usuially as part of the individual's reactiol (E) Psettdoturnor ccrebri and vparious causes of
duiring life stress. The ambiguous and uinsatist::c- brain swvelling.
tory terms "tension." "psychogenic," and "nervous S. Headache Due to Overt Cranial Inflammation.-
headache refer largely to this group. lieadaches dute to readily recognized inflammation
3J. Combined Headache: Vascular and Niuscle-Con- of cranial structures, resulting from usually nonre-'
traction. -Co mbi nat ions of vascular healdachle of current inflammation, sterile or infectious.
the migraine type and muscle-contraction head- A. Intracranial disorders: infectious, chemical, or,
.4che proiniinently coexisting in ain attack-. ~ allergic meningitis, subarachnoid hemorrhage, post-
-4. Headache of Nasal Vasomotor Reaction.- 11ead- p~nctiinoen.ephai~logratphiic reaction, arteritis, and
aches and nasal discomfort (nasal obstrtiction. phlebitis.
rhiinorrliea, tightness. or butrning), recurrent and B. Extracraniial disorders: arteritis and cellulitis.
resuilting fromn congestion and edema of nasal and 9.13. Headache Due to Disease of Ocular, Aural,
paranasal mucouis mncmhranes, and not proven to Nasal and Sinusal, Dental, or Other Cranial or Neck
be diii- to allergens. infectiouis agents, or local gross Structures:
anatomic defects. T'he headache is predominuntly 9*Iedledutosraoffecsfnoiu
anterior in locationi, and mild or modlerate in in- stimulation of ocular structures (as by increased
tensity. The illness is itsually part of the individ- intraocular pressure, excessive contraction of ocular
ital's reaction (luring stress. This is often called inusclcs, tratima, newv growth, or inflammation)..
'.vasomotor rhinitis.- 10. Headache due to spread of effects of noxious
5. Headache of Delusional, Conversion, or Hypo- stimulation of aural structure (as by trauima, new
chondriacul Statcs.-H-eadaclies of illnesses in growth, or inflammation).
which the prevailinig clinical disorder is a delusional 1.haah u osra fefcso oiu

or a cooversioti reaction and a peripheral pain stimulation of nasal and sinutisal structures (as by
muechaniism is nooexistent. Closely allied are thet trauima, new growth, inflammiatioti, or allergens). .
hypochondriacal reactions in which the peripheral 12i. HeadcLuhe due to spread of effects of noxious
dlisturb~ance% relevant to headache are mninimual, stimulation of dental structures (as by trauima. new
Trhese also have been called "psychogenic" head- growth, or inflammation).
aches. 13 IHeadache due to spread of pain from noxious

N.B.: The foreg~oing,~ rt'pr'esv tile major clinical stimulation of other structures of the cranium and
disorders domtinated by )iaeeuhcli-tlhose which are

partculrly ouiotiandin wichheadcheis eck (periosteumn, joint, ligaments, muscles, or cerv,.

freqiulldy recurrent and dlisablintg.icarot)
6. Nonmigranu WaclrHaahsascaed 14. Cranial Ncuritides.-Catised by traumna, neCw,
with generall nonreceurrent dlatation of cranial goto nlmain

15. Cranial Neuralgias.-Trigeininall (tic doulou-
arteries: ki~ h r

uefcto~a, ~s~ahv wthfevr.reox) adglossiiphiarvngeal. Tepains aelancinat-
(A) yxiini diordrsilig ("jabbing"), uisually iii rapid sticcession for

(B).~t~wlan'eex ncldig hpIii erl mninotes or longer; are limited to a portion
states, carbon motioxitle poisoning, effecTts of ii- or all of the domain of the amffected nerve; and are
triti's, nitrates, andi other chemnical agents wvith vaso- oftcu, trigg'ered hby enid-organ stimilation. Trigen'-
dilator properties. craffeiiie-witlidriiwah reactionls, inoil neieuradgia tintist Noe distingutished, in particular,
circulatory instifilciency in the brain (in ccrtain frotin cluster headachte (I1C), with whlich it is often
circitinstalldl.¶). postconciission reactions, postcoui' 1-onifliused.
vuulkive states, hlangover" reactions, foreigii-protel i. oialdcrnc xttanatchaah
rvactions, hiy1Nglycermia, layp.'rcapuiia, acuite aires- Nil at.: Se fromallyd choic pofstvtralmatic haniaches
sor reactions (abruept elevation of IahowI pru'ssai re. ,fviaiefoi iijtico eea ,ea~n
.IS With paraplegia or 1)uelochlromiocytoona ), a1nd. SitI* laeadarlic itay represent lsmittailed minixscic

certain instances of essential arterial h~ylixrfruisioll Co'r, rarel, (oc)l recrai'oreiit eascinjurye(1ha).litn (oiB).
(e.g., those with early morninig headlache). Intrils r trheJ lot-al salp ori iamic ispamrtj ()3) a Clinica
7. Trraction Ileadiuchac.-I leadachics resdlting fromt duisotiuI* chaae ,,trizedmiii by deus isnl convers~cion. ore

tract ioni on hititracraliiial struictures, imla iily vascular, th#siprrhodiac li ractt'ion b lesi~m (5).rsn o
by 1uiasses: Im.ncmmnrwlracin .)

(A) Prinmary ormtasai FDIUS~tICIiionoT of inei'iuillgt. lld.i4 %tustly was %eip~uirtedI 6~y au gristit In,... ii,,- N~dsawmil

or braini. hfi .. o e ,f Nvilrokigivah Di%4-aws4 .11K Bhjimhile-.
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Cerebrovascular Diseases

Introduction

Despite a declining incidence, cerebrovascular disease is the third most common

cause of death in North American and most European countries. In the United States,

the prevalence is 1.7 million persons, and the incidence of cerebrovascular "accidents"

(CVAs or strokes) is 414,000 new cases per year. The incidence maxkedly increases after

age 55 years. Approximately 50% of strokes are thrombotic in origin, with Z/3 involving

large arteries resulting in infarction and 1/3 involving small, penetrating arteries

producing smaller infarcts known as lacunes. Eighteen percent of thrombotic CVAs

ree".t from atherosclerotic disease of the carotid artery, 16% from disease of the

vertebral and basilar arteries, and 19% from disease of the small, penetrating arteries.

Thirty-one percent of all strokes are embolic in origin, either from the heart (15% to

205% of cases) or from an artery; neck arteries, especially the carotid, are most

frequently the site of origin. Sixteen percent of CVAs are caused by brain hemorrhage,

with 10% resulting from hypertension and 6% resulting from ruptured aneurysms or

arteriovenous (AV) malformations. Therefore, the major risk factors for stroke are

atherosclerosis, hypertension and heart disease. Other factors are diabetes,

hyperlipidemia and cigarette smoking.

The classification and definitions of the types of cerebrovascular disease are

continuing to be revised as new scientific information becomes available. For the

present time, it is recommended that the FAA use the classification suggested by the ad

hoc committee on stroke of the Advisory Council for the National Institute of

Neurological and Communicative Disorders and Stroke.1

In the section on cerebrovascular disease that is found in the AMA's 1979 report to

the FAA, the minimal criteria for the diagnosis of the various types of stroke as well as

recommendations for flying are discussed.Z For the most part, thes!, criteria and
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recommendation.a are applicable today. Therefore, in this section are discussed only

those categories of cerebrovascular disease that present the most difficult decisions

about aeromedical disposition. These are: 1) transient ischemic attacks (TIAs); 2)

intracranial aneurysms; 3) arteriovenous (AV) malformations; 4) subarachnoid

hemorrhage; 5) asymptomatic neck murmv-..; and 6) stroke in young people.

Ischemic infarctions and parenchymal hemorrhages will not be covered, since in

the great majority of persons with these conditions will be disqualified either because of

their underlying disease or neurologic sequelae. However, candidates with a remote

history of an infarction or hemorrhage due to the self-limited cause, such as drugs like as

amphetamines or oral contraceptives, or a nonathersclerotic embolism, such as fat, may

be considered for certification provided they satisfy the neurological,

neuropsychological, and CT or MRI criteria as determined from appropriate

consultations.

Transient ischemic attacks (TIAs)

TIAs are reversible, focal, neurological deficits, lasting minutes to Z4 hours,

followed by a complete recovery of function. They may be secondary to embolization or

hemodynamic factors such as low flow in a diseased vessel. They can be subdivided

symptomatically into retinal (amaurosis fugax), cerebral and vertebral-basilar artery

events. The major cause, particularly after age 45 years, is atherosclerotic disease,

particularly of the neck arteries. There is no question that individuals with TIAs are at

risk for the subsequent development of stroke. Mohr, for example, estimated that 10%

of strokes are preceded by TIAs. 3 Approximately 30% to 33% of the strokes occur within

5 years and of these, Z0% will occur within one month, and 50% will oc-ur within one

year.
4 -5

In the Framingham study the incidence of TIAs in the general population was

reported to increase from 4/100,000/year for persons under 40 years, to 8/100,000/year
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for those age 40 to 49 years, to 14/100,000/year for those age 50 to 62 years. 6 In this

prospective study, stroke developed in 40% of persons with TIAs, 1/Z of which occurred

within 3 months of the onset of TIAs and Z/3 within 6 months. Hass estimates the risk of

a stroke after a well-defined TIA at 7% per year. 7

In addition to the increased risk for stroke with TIAs, approximately 30% of

persons with TIAs will experience a myocardial infarction or sudden death within seven

years.
8

Retinal TIA (amaurosis fugax)

Transient monocular blindness in middle age and older age strongly suggests

atheromatous disease at the origin of the internal carotid arteries, although significant

disease may not alway bedeomonstrated angiographically. 9  A follow-up study of

individuals with only this type of transient ischemic event showed a seven-year

* ,cumulative rate of cerebral infarction of 14%. Four of the 5Z (8%) people who were

treated surgically and four of 35 (11%) who were treated medically subsequently

developed cerebral infarction. The five year cumulative rate of recurrence of retinal

TIAs was 37%, and some of these occurred in persons who were treated with

endarterectomy. There was also an increased incidence of myocardial infarction and

sudden death. 10

In a retrospective follow-up study (median 8 years) of 110 patients with amaurosis

Sugax who were treated medically, Poole and Russell report an increased incidence of

stroke, decreased life expectancy and increased ischemic heart disease. 11

Aeromedical disposition: Candidates with a history of amaurosis fugax due to

atherosclerotic disease should be disqualified permanently even if they have been treated

surgically by endarterectomy.
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Cerebral transient ischemic attack

Transient disturbances of motor, sensory or language functions characterize

cerebral ischemic attacks. Most of the ischemic e-ientsý whether embolic or

hemodynamic, occur within the distribution of the middle cerebral artery. In the same

person, the attacks tend to be stereotyped. In addition, they may be as'.ocirted with

attacks of amaurosis fugax.

With cerebral TIAs, the seven-year cumulative risk of cerebral infarction is

27%.10 Of 123 persons treated medically, 23 (19%) developed cerebral inifarction,

compared to nine of the 79 (11%) treated surgically. All these individuals were at risk

for ischemic heart disease, and TIAs also occurred after surgery.

Although the studies mentioned in the beginning of this section did not specifically

separate amaurosis fugax from cerebral TIAs, the evidence is overwhelming that TIAs

are a significant risk factor for the development of cerebral infarction and myocardial

ischemia.

The increased risk also applies to persons treated with surgery. Muurone:.

followed 100 persons who had vascular surgery (mostly endarterectomies) for periods of

time with a mean of 1.7 years. Fifteen (14%) suffered TIAs, 6 (5%) cerebral infarcts, and

9 (8%) acute myocardial infarcts. The annual rate of brain infarction was 3.3% and of

myocardial infarction, 4.4%.12 In a study by Whisnant et a,13 of persons who had clearly

ciefined TIAs in one carotid territory and who underwent carotid endarterectomy on the

appropriate side, 15% continued to have TIAs. The ischeinic stroke rate was Z% per

year.

Aeromedical disposition: Candidates with a history of cerebral TIAs due to

atherosclerotic disease should be disqualified permanently even if the condition was

treated surgically.
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Vertebrobasilar artery insufficiency

TIAs due to vertebrobasilar artery insufficiency are 1.6 time less frequent than

carotid 1IAs. Infarction is 6 times less frequent. The major symptoms are intermittent

attacks of vertigo, diplopia, ataxia, visual disturbances, dysarthria, alternating

hemiplegia and/or sensory disturbances. A small percent of individuals will experience 4

disturbance of consciousness. The nata.d history of this disease has not been as

extensively investigated as carotid artery TIAs. 14

In the best available study, Whisnant et al reported on a 15-year follow-up of

persons with vertebrobasilar artery attacks. In persons not treated with anticoagulants

the incidence of infarction was similar to that in persc.os with carotid artery TIAs. With

treatment, the probability of infarction was significantly lower from three months

through 5 years of observation. However, beginning at 6 -nonths of observation of

stroke-free patients, no significant difference was noted. 15 Surgical treatment of this

disorder, including bypass operations, have not proved to be effective. 16  From the

limited information available, transient ischemic attacks preceed brain stem infarcts in

approximately 50% of patients. 17

Aeromedical disposition: Candidates with a history of vertebrobasilar artery

.ischemic attacks should be disqualified permanently.

Intracranial aneurysms

Intracranial aneurysms are subdivided into the followi;ng types: a) berry or

5.sccular; b) mycotic; c•~ 'siform; d' atherosclerotic; e) trauintic and; f) neoplastic. Of

these, the berry aneurysm is the most common, with an age-corrected prevalence rate

Sfor the Northi American population reported as high as Z,000/100,000. From autopsy

ottudies there is a uniform prevalence at all ages over Z0 years.1 8 Berry aneurysms can

be found in 0.2% t,) 7.9% of autopsies; only 50% will have been -uptured.18-1 9

Aneurysms have also been detected as incidental findings in 0.65% of arteriograms. This
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reported prevalence may increase because of the increased utilization of contrast-

enhanced CT scans and other neuroimaging techniques.

Most berry aneurysms become clinically symFtomitic between the ageL of 40 and

60 years. They are slightly more common in females, by a ratio of 3:Z. Ten to twenty

percent of berry aneurysms are multiple. This type of aneurysm is considered to be

congenital, although acquired factom like hypertension may play a role in their

enlargement and subsequent rupture.

An increased incidence of saccular aneurysm. has been reported in persons with

polycystic kidney disease, coarctation of the aorta, Ehlers-Danlos syndrome,

arteric-venous malformations of the brain, fibromuscular hyperplasia, and Moya-Moya

disease. A familial occurrence has also beep. reported. Saccular aneurysms occur at

arterial bifurcations with 95% of single aneurysms occurring on the anterior portion of

the Circle of Willis. Internal carotid aneurysms, primarily at the junction with the

possttr ar communicating artery, is the most frequent site. Next are anterior

communica~.ing artery aneurysms, followed by taiddle cerebral artery defects. The

aneurysms may solely rupture into the subaracl -ioid space; however, rupture into the

pi-xenchyma of the brain -or vent:culaar system can occur.

The major clinical signs and syiptoms of uitracranial aneurysms ate related to

subarachnoid hemorrhage. Ten to fifteen percr.nt of persons will present with cranial

znerve palsies or Signs of a space occupying lesion, especially when a large an!.u-ysm

remains intact. Approximately 50% of persons with a major subarachnoid hemorrhage

will experience symptoms of a *warning leak* that precedes the major event by several

hours or days, consisting of a sudden onset of headache associated with nausea and neck

Sstiffness, which clears in several days. Most often these are mistaken as being caus.•d by

r'. the *flu" or tension headac-hes.

The diagnosis of intracranial aneurysms is suggested by the clinical presentation,

and confirmed by four-vessel angiography. However, angicgrams may be normal in
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persons with subarachnoid hemorrhage.

The natural history of ruptured and unruptured aneurysms has been extensively

studied in the last several decades.2 1 The data from this as well as other studies to be

mentioned later are of utmost importance in determining whether an applicant with an

intracranial aneurysm(s), whether ruptured or not, may be certified.

Ruptured aneurysms treated conservatively

Iri a follow-up study of 568 personi with ruptured intracranial aneurysms who were

managed conservatively, '78 (68%) died. Forty percent of the deaths occurred within six

months of hemorrhage. In thz next two decades, the patients' survival curve was

significantly worse than that of a matched US population. The probable recurrent

bleeding rate after 6 months was Z.Z% per year for the first decade, and 0.86% per year

for the second decade. Seventy-eight percent of the recurrent bleeds were fatal.z

These data are in general agreement with the results of other investigations.% Z, y4

Symptomatic unruptured aneurysm

Fifteen percent of symptomatic, intact aneurysms rupture within 6 months of

onset of symptoms.'5

lncidental unruptured aneuryswu

-= nL-cidental unruptured aneurysms and tOose found in asociation with a ruptured

aneurysm (multiple aneuxrysms) blee-d at a rate of 1% per year.' 6 Winn et Al estimate the

rate of bleeding to be Z% to 3% per year Ie intact multiple or incidental aneurysms.

Wiebers Pt al. in a study of 65 -persons with 81 unruptured an•urssm (!a wan

follow-up prriod of 8.. years) reported *ubsequent rupture in 8 (12%). None of the

hemorrhages occurred in persons with an aneurysm smaller thaa 10 millimeters in

A diamleter. 5  However, in the Cooperative Aneurysm Study. the average diameter of
V4
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ruptured aneurysms was 8.5mw, with 69% having a diameter of less than 10 mm and 13%

less than 5 mm.z 8

Probabilities for risk of hemorrhage have been developed by Dell. Based on his

data, for a person Z0 years old the lifetime risk of rupture is 16.6%; 30 years old, 16.1%;

40 years old, 14.4%; 50 years old, 10.3%; and 60 years old, 4.7%.29

Ruptured and non-ruptured aneurysms treated with surgery

Aneurysms that are surgically isolated from the arterial tree are considered cured

and the chance of recurrent hemorrhage is negligible. However, with nonisolation

¶ techniques, such as carotid artery ligation for posterior communicating artery aneurysms

and anterior cerebral artery clipping for anterior communicating aneurysms, the

recurrence of bleeding is approximately 3% per year (see Table I).

The data on long-term follow-up of patients treated with surgery in the

Collaborative Aneurysm Study have not yet been published. Although at this time it S
seems that aneurysms that are isolated from the arterial circulation are considered

cured," the FAA should re-evaluate this stttement when these results are in.

In addition to the concern for rebleeding, aeromedical disposition also depends on

the determination of neurological and neuropsychological residua in those individuals who

have been treated surgically. Assessment of cranial nerve, motor and cognitive

functions, psychosocial impairment and the presence of hydrocephalus by neurological

txamination, neuropaychologicIA studies and C-T scants cr MRII, is mandatory.

It is generally assumed that persons with benign or uncomplicated subarachnoid

A hetorrhage (grades I an I according to the Hunt-Heus 0 classification) who undergo

-ucc.s-ful surgery will, by one year, be at a functional state comparable to their pre-

illness level. Howevir, in a recent study, Saveland et al repor-ted that one in five such

patients, despite favorable neurologic outconor, at one year suffered from cognitive or

-;pychosocial deficits. Therefore, it is imperative that before certification. potcfntzzl
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TABLE I

RATE OF REBLEEDING FOR ANEURYSMS AND AVM's

Cerebrovascular Disease* Rate of Pebleeding

Ruptured aneurysms

early (c- 6 months) 50% will rebleed
late ( : 6 months) 3%/year

Uirruptured aneurysms
incidental findings 1%/year
multiple aneurysms 1%/iyear

Treated aneurysms+
early ( C6 months) 3%/year
late (-6 months) 3% /year

SAH of unknown etiology 1%/year

Ruptured AVM 3%/year

*SAH = subarachnoid hemorrhage: AVM = arteriovenous malformation

+Reblecding rate for posterior communicating artery aneurysms treated
by carotid ligation and anterior communicating artery aneurysms treated
by anterior cerebral artery clipping.

source: REF 26
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psychological complications be evaluated thoroughly.

Aeromedical disposition: 1) Applicants with a history of ruptured aneurysm

treated conservatively should be disqualified permanently, 2) applicants with a history of

ruptured aneurysm treated surgically should be disqualifed unless: a) the aneurysm(s) has

been successiully isolated from the arterial circulation, as determined by arteriography

one year after recovery from surgery, and; b) there is no evidence of neurological,

cognitive or psychosocial deficits that would interfere with flying performance as

determined from the results of neurological and neuropsychological consultations, as well

as CT and/or MRI investigations; 3) candidates with symptomatic, unruptured aneurysms

should be disqualified, unless the aneurysm is isolated from the arterial circulation and at

one year after the operation the applicant satisfies the criteria listed in Zb; 4) caudidates

with multiple aneurysms shoild be disqualified permanently unless all of the aneurysms

are isolated surgically from the arterial circulation, whatever the diameters of the

unruptured aneurysms, and the candidate satisfies all the criteria listed in Zb; 5)

applicants with a single asymptomatic aneurysm should be disqualified permanently

unless the diameter of the aneurysm is less than 5 mm in diameter. If an aneurysm

larger than 5 rnm in diameter is treated 3urgically, the criteria in Zb must be satisfied.

For asymptomatic aneurysms small than 5 mm in diameter, the candidates may be

certified, but they should be evaluated by angiogrpahy every one to two years.

(However, because of the risk of repeated angiography, it would seem appropriate to

disqualify all applicants with asymptomatic aneurysms regardlesi of size, unless they are

corrected surgically); 6) candidates with a history of mycotic, fusiform, atherosclerotic,

traumatic or neoplastic aneurysms should be disqualified permanently because of the

underlying disease; 7) candidates with a history of aneursyni associated with another

disease, such as polycystic disease of the kidneys should be disqualified permanently; 3)

candidates with a strong family history of familial aneurysms should be evaluated on an

individual basis by a neurologist or neurosurgeon.3Z
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Arteriovenous (AV) malformations

Non-aneurysmal vascular malformations have been classified pathologically into

capillary telangiectasias, cavernous and venous angiomas, and arteriovenous (AV)

malformations. The last is the most common and important of these embryonic

malformations. Morphologically, they consist of abnormal arteriovenous connections

without intervening capillaries. They are located within the brain or spinal cord

parenchyma, as well as the dura. Their size varies from very small anomalies that are

difficult to identify angiographically and pathologically (cryptic malformations), to

massive lesions fed by multiple vessels.

The prevalence of AV malformations in the general population is estimated to be

0.14%. In most cases they are an isolated vascular anomaly; however, approximately

10% of persons with AV malformations also have saccular aneurysms. There is a familial

predisposition, and an association with neurofibromatosis. Seventy percent of AV

malformations are located above the tentorium and primarily within the distribution of

the middle cerebral artery.

The major initial symptoms of hemorrhage from an AV malformation are seizures,

headache and focal neurological deficits. Seven percent of persons with these anomalies

bleed again within on year of the intital hemorrhage. Thereafter, the risk of rebleeding

is 3% per year.

The natural history of AV malformations in unoperated individuals was recently

reviewed by Crawford, et al. 3 3 These authors followed 217 patients with nonoperable AV

malformations for varying periods of time (mean 10.4 years), They found a 4Z% risk of

hemorrhage, Z9% risk of death, 18% risk of epilepsy and a 27% risk of having

neurohkit:cal impairment by Z0 years after diagnosis.

For operated cerebrzl and spinal cord malforwations tlhE natural history is less

clear. Location, size and variation of intervention techniques (the employment of
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arterial embolization with or without subsequent surgery as well as occasional treatment

with radiation) make it extremely difficult to assess prognosis.

In a study by Parkinson and Bachers of 86 individuals with operated supratentorial

AV malformations who were followed from four to Z6 years, seizures were present in 35

(Z8 had preoperative seizures), and neurological deficits in 18. These authors do not

34
mention the incidence of recurrent hemorrhage in the operated cases.

Guidetti and Delitala followed 95 patients with operated intracranial AV

malformations for two to 25 years, they reported no episodes of recurrent bleeding.35

The studies of Graf et al and Fults and Kelly, although they include the follow-up

of persons treated both surgically and non-surgically, do not specifically address the

long-term postoperative complications. 3 6,37 The information on spinal cord vascular

malformations is even less complete.

Aeromedical disposition: Based on the available scientific inforination, candidates

with a history of arteriovenous or other non-aneurysmal malformations of the brain and

spinal cord should be disqualified permanently.

Vascular fistulas, particularly carotid artery-cavernous sinus fistulas, are not

considered in this section, because they are exceedingly rare. Disposition will depend on

the results of a complete neurosurgical evaluation one year after surgical treatment or

after the fistula has closed spontaneously. Angiograms are required.

Subarachnoid hemorrhage

The incidence of subarachnnid hemorrhage is approximately 15/100,000/year.

Most episodes occur between the ages of 20 and 60 years. The greatest majority of

nontraumatic subarachnoid hemorrhages are a result of ruptured aneurysms or AV

malformations.

The diagnosis of a subarachnoid hemorrhage is based on the history, physical

findings, CSF findings and, in some cases, CT scan of the head. The following
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classification proposed by the National Survey of Stroke is helpful: 3 8

Definite: A saccular aneurysm or AV malformation confirmed by angiogr-hv,

surgery or autopsy, and with a blood clot in the fissure of Sylvius, between the frontal

lobes, in basal cisterns, or within a ventricle observed by CT scan.

Highly probable: A bloody or xanthochromic CSF plus two of the following signs

or symptoms occurring at or shortly after onset: severe headache, depressed

consciousness, signs of meningeal irritation, subhyaloid hemorrhages; weakness on one

side or third nerve palsy.

Probable: One or more of the symptoms or signs mentioned for "highly probable"

above. However, a lumbar puncture is not performed, or is traumatic, or a CSF

examination is done more than two weeks after onset of symptoms and is negative.

Undocumented: Insufficient clinical evidence to be included in the other

categories.

In the National Stroke Survey, 55% of the cases were definite, 33% highly

probable, 10% probable and 2% undocumented.

Once it has been determined that a subarachnoid hemorrhage has occurred, then

the next step is to determine the cause. Thise can be subdivided into: 1) ruptured

aneurysms and AV malformations; 2) subarachnoid hemorrhage due to other known

causes; 3) and subarachnoid hemorrhage of undetermined etiology. Ruptured aneurysms

and AV malformations have already been discussed.

Subarachnoid hemorrhage due to other known causes

The other causes of subarachnoid hemorrhage are listed in Table 11.Z Most of

these dis-kses are themselves disqualifying, regardless of whether they produce

subarachnoid hemorrhage. Therefore, those candidates with subarachnoid hemorrhage

resulting from the diseases listed in Table II should be disqualified permanently because

of the nature of the disease itself. Exceptions to this are: 1) hemorrhage due to

IV - 468



TABLE II

CAUSES OF SUBARACHNOID HEMORRHAGE

Diseases of the blood-coagulopathies
Hemophilia
Thrombocytopenia
Leukemia
Waldenstrom's macroglobinemia
Lymphoma
Myeloma
Aplastic anemia
Hereditary spherocytosis
Sickle cell anemia
Pernicious anemia
Polycythemia
Afibrinogenemia
Hypofibrinogenemia-hepatic disease or malignancy
Consumption coagulopathies/disseminated intravascular coagulopathy
Anticoagulant therapy

Angiopathies
Lupus angiitis, lupus erythematosus
Giant cell cerebral arteritis
Dysproteinemias-amyloidosis
Hypertension-all cases
Atherosclerosis

Infectious diseases
Bacterial meningoencephalitis, as with tuberculosis, leptospirosis,

listeriosis
Mycotic infection of brain, eg, aspergillosis
Rarely, brucellosis, typhoid fever, yellow fever, dengue
Viral encephalitis due to influenza, pertussis, herpes simplex;

cytomegalic inclusion disease
Bacterial endocarditis
Anthrax
Malaria

* Intoxications
Hypertensive crises pharmacologically induced, as with adenaline,

monamine oxidase inhibitors, and amphetamine
Alcohol
Ether
Carbon monoxide
Morphine, nicotine poisoning, hydrocyanic acid, lead, quinine,

phosphorus, pentamethylenetetrazol, amphetamine
Snake bites (Bothrops sp)
Uremia

Subarachnoid hemorrhage associated with pregnancy

Tumors
Gliomas
Pituitary tumros
Meningiomas
Pinealomas

Choroid plexus papillomas
Angioblastomas
Me lanomas
Metastatic tumors
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TABLE II co:it'd

Craniocerebral trauma
Direct or indirect blows to head
Electrical injury
Caisson disease
High altitude anoxia
Radiation
Ultrasound
Strangulation
Thermal injury

Intracranial venous thrombosis
Oral contraceptives
Pregnancy

Trauma
Infection
Coagulopathies
Marasmus

Other conditions
Physical stress-Valsalva's maneuver, as with coitus, defecation,

parturition, etc
Vitamin deficiency: scurvy, vitamin K deficiency

source: REF 2
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transient coagulation disorders, most of which are drug induced; Z) transient,

pharmacologically-induced hypertensive crises and; 3) trauma (see section on head

injuries). In the first two categories, four-vessel angiography must be done before

considering certification because of the possibility of a pre-existing aneurysm or AV

malformation. In addition, a neurological consultation, neuropsychological studies and a

CT scan or MRI are required. If the results of these investigations are normal, the

candidate may return to flight status six to 12 months after complete recovery.

Subarachnoid hemorrhage of undetermined etiology

It has been reported that in 20% to 30% of individuals with subarachnoid

hemorrhage no cause can be demonstrated, even after pan-angiography. 3 9

In the Cooperative study of Intracranial Aneurysms and Subarachnoid Hemorrhage,

477 of 6,638 cases (7%) followed up to 24 years had unexplained subarachnoid

hemorrhage. 3 9 The authors followed 464 patients up to Z4 years after hemorrhage in

whom pan-angiography was normal. One and one half percent of these patients had a

subsequent hemorrhage. Repeat angiograms in 61 of these patients demonstrated lesions

that were not detected initially. Based on the results of this comprehensive study, the

investigators concluded that the first six-month interval is the period of greatest risk for

recurrent hemorrhage. Thereafter, the life expectancy for normotensive individuals

equals that of a comparable age-sex matched US population. If the person survives the

first six months, the rate of subsequent hemorrhage is at a maximum 0.86% per year,

which is lower than for persons with ruptured aneurysms who are managed

conservatively. However, the cumulative probability of recurrent hemorrhage after a

definite subarachnoid hemorrhage increases from 3. 1% in the first six months to 7.3% by

20 years after the initial event. Persons with hypertension are at a definite increased

risk.

However, studies on the long-term prognosis of complications other than risk of
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recurrent bleeding and death are limited. Brismar and Sundbarg followed 127 persons

with unexplained subarachnoid hemorrhages for an average of 5.4 years. 39 After the

first week, only three persons experienced a recurrence. Eighty-eight percent of the

persons, who at the- end of the second week were fully awake and without symptoms of

delayed cerebral ischemia, returned to full activity, and 98% returned to at least part-

time work. These authors also found the important relationship of arterial hypertension

to prognosis.

The question of the necessity of repeating pan-angiography if the intitial study is

normal is controversial. Certainly, the results of Nishioka's study would support this. 4 0

However, many of these individuals were studied at a time when angiographic techniques

were not as sophisticated as they are today. Forster et a14 1 reported a false negative

rate of 1.8% in the angiograms of 56 individuals whose initial four-vessel angiograms

were normal. However, Ishii et al4 Z found no false negative results in 24 individuals who

had repeated angiograms. At times, it may be impossible to determine if an aneurysm

that is seen on a repeated angiogram was responsible for the initial subarachnoid

hemorrhage or had developed subsequently.

Therefore, based on the available data, we recommend that candidates with

unexplained subarachnoid hemorrhage should be disqualified permanently even if the

initial four-vessel angiograms are normal. Exceptions to this are candidates who have

fully recovered without neurological and neuropsychological abnormalities as determined

by appropriate consu.tations as well as CT scans and/or MRI, and in whom four-vessel

angiography performed one year after recovery is normal, and who are normotensive.

N Asymptomatic neck murmurs

Auscultation of the neck has become a routine physical examination procedure,

particularly for persons over 40 years of age, and for those with symptoms of cerebral

vascular disease. The prevalence of cervical murmurs in persons over 45 years has been
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reported to be 1Z.6%. There are a number of causes of neck murmurs, which are listed in

Table III.

In the Mayo Clinic study of 509 patients, 4 3 cervical murmurs were heard in 64

asymptomatic individuals. In three persons, the murmurs were classified as venous hums,

in 39 as transmitted supraclavicular murmurs, and in 22 as cerebrovascular disease

midcervical bruits. Seven of these ZZ persons had previous symptoms of cerebrovascular

disease.

It is the midcervical bruit that has created the most medical interest because of

its reported association with stroke and heart disease. 4 4 ,4 5 The prevalence rate of 2.9%

of midcervical artery bruits in the Mayo Clinic Study is slightly lower than the 4% and

4.4% reported in the Framingham and Evans County studies, respectively.44,45

Midcarotid bruits increase from a prevalence rate of 0.9% in persons 45 to 54 years of

age, to 2.1% in persons between 55 and 64 years of age, to 3.8% in persons between 65

and 74 years of age. The prevalence is higher in females than males - 4.4% versus

1.6%.43

It is thought that before a bruit can be detected by auscultation, the lumen of the

artery must be reduced by 40%. Neither loudness nor pitch is a reliable indicator of the

degree of stenosis. In fact, persons with high grade stenosis (90% or greater) may not

even have a bruit. It should also be emphasized that riot all carotid lesions will produce a

bruit even if the stenosis is greater than 50%. In a study of the relationship between

ausculation and Doppler examination of the neck, Hennerici et a14b found cor.cordance in

only 9% of persons with abnormal and 52.1% with normal Doppler results. The false

positive rate (negative Doppler with positive bruit) was Z3%; the false negative rate was
l 16%.

However, in the study by Lo et a,47 only two persons with asymptomatic bruits

had normal real-time ultrasound and continuous-wave Doppler studies. Of interest is

that 60% of these individuals had significant atheromas ipsilateral to the bruit (ie, they
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TABLE III

CLASSIFICATION OF CERVICAL BRUITS

SI. Venous

Base of neck and above; abolished by jugular with compression

II. Arterial

A. Supraclavicular bruits

1. Transmitted from the heart: aortic stenosis and other
aortic outflow murmurs (interstitial hypertrophic subaortic
stenosis, supravalvular aortic stenosis); mitral insufficie
and related problems (mitral valve prolapse, rupture of
chorda tendineae of papillary muscle); coarctation ofý the
aorta; patent ductus arteriosus

2. Base of the neck: physiologic, atherosclerosis, thoracic
outlet syndrome, arteritis

3. Hyperdynamic states: hemodialysis, fever, anemia,
hyperthyroidism

B.. Vertebral bruits (posterior to the sternocleidomastoid muscle):

1. Diffuse--upward continuation of supraclavicular murmurs

2. Localized--structural anomaly, atherosclerosis

C. Carotid bruits (anterior to the sternocleidomastoid muscle):

1. Diffuse--upward continuation of supraclavicular murmurs;
obstruction of the opposite carotid (augmentation bruit)

2. Localized (midupper carotid; below angle of the jaw)--
atherosclerosis (internal, external carotid); tortuosity,
kinking, fibromuscular dysplasia, cranial arteritis, trauma
other conditions

source: REF 43
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had plaques causing greater than a 50% reduction in flow, or ulcerated plaques, or total

occlusion).

Therefore, the first step in the evaluation of an applica•.t with an asymptomatic

neck bruit is to determine its cause. Since auscultation is not very reliable, noninvasive

studies are indicated.

Noninvasive studies

Within the past decade, noninvasive techniques for evaluating the ext-acranial

circulation have become an important part of the diagnostic armamentarium.

Technological advancements have increased the sensitivity and specificity of these

tests. The two techniques most frequently used today are real-time B-mode ultrasound,

which displays actual images of all tissues in the neck and visualizes the carotid artery

pulsations, and the Doppler study, which gives information on flow velocity. Most

laboratnri'-s use both techniques or variations thereof. In addition, indirect tests for

evaluating superficial and deep orbital flow characteristics are frequently employed.

The noninvasive tests are listed in Table IV.

The studies relating noninvasive tests to arterial angiograms show a high degree of

correlation. This is illustrated in Table V, which compares duplex scanning (B-mode

imager and a pulsed Doppler unit with real-time spectral analysis) and angiography, from

a study by Roederer et al. 4 9 These investigators found a concordance of 8Z%. The

specificity of the non-invasive duplex was 84% and the sensitivity was 99%.

A comparison of continuous wave form Doppler (CWD) and real-time ultrsouw.:.

(RTU) with angiography, from the study by Lo et al,4 7 is sbhown in Tables VI and VII.

These studies also showed excellent correlation of noninvasive techniques with

arteriographic findings. The tests are most sensitive when the degree of stenosis ..

greater than 40%. Ulcerated plaques are usually not detected unless they arc associated

with severe stenosis.
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TABLE IV
APPLICABILITY OF DIFFERENT CLASSES OF NONINVASIVE TESTS

Test Residual Lumen (mm)

Indirect
Periorbital directional Doppler
ultrasonography (PDU) 0-2.0

Oculoplethysmograph> (OPG) 0-2.5

Direct
Bruit analysis 0.5-3.0

Direct Doppler exam 0.0-3.5

Imaging systems 0.0-7.0

source: REF 48

TABLE V
CONCORDANCE DUPLEX SCANNING VS. ANGIOGRAPHY

Duplex results (Z diameter reduction)

Angiography Normal 1-15% 16-49% 50-79%' 80-99% 100%

Normal 47 9 56

1-15% 4 49 61

16-49% 14 62 4 80

50-79% 1 7 56 8 72

80-99t 5 22 1 28

10 0 1 38 39

51 73 77 65 31 39 336

sou ce: HEF 49
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TABLE VI
COMPARISON OF CWD WITH ANGIOGRAPHY IN 102 CAROTID ARTERIES

Degree of stenosis by angiography

CWD 50_% 750% Occlusion

S50% 62 (97%) 2 0

--50% 2 31 (94%) 0

Occlusion 0 0 5

TABLE VII

COMPARISON OF RTU WITH ANGIOGRAPHY IN 102 CAROTID ARTERIES

Ulcerated

RTU Normal Plaue Plaque Occlusion

Normal 9 (000%) 0 0 0

Plaque 7 (9.6%) 62 (85Z) 4 (5.4%) 0

-- Ulcerated
Plbque 0 3 (20%) 12 (80t) 0

Occlusion 0 0 0 5 (10fZ)

source: REF 47
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Recently, digital subtraction angiography has been used to visualize the

e-.tracranial vessels. Stitdies comparing noninvasive studies with this technique are in

their infancy, although a recent study suggests that the degree of concordance is less

than with conventional angiography. 50

Fischer et al compared digital subtraction angiogrpahy and ultrasound and found a

concordance of 89%/ in categorizing stenosis at less than or equal to 50% and greater

than 50%/. Correlation iwth fatal occlusion and uilceration was poor. 5 1 Further studies

are required.

The FAA should recognize that these studies of concordance have comne from

k~boratories with exc".llent equipment and expertise in this field. In the last decade

there ha-s been a proliferation of la~boratories using noninvasive techniques in most

rnediuin- and large-sized hospitals, and even in physicians' offices. It is extremely

iniportar1 c that the FAA determtine the quality of the laboratory before referring a

candidate. Unfo.-tunately, these laboratories are niot certified by any authority or

association.

The prognosis f or persons with asymptomatic bruits without ultrasound confirmation

The Frainingham44 and Evans County4 studies of persons with asymnptomnatic

cervical bruits revealed a stroke rate more than twice as great as expected for an age-

watch'Žd, general population. Both studies also show,'.d that the corralatio.-I between the

location of the bruit and type of subsequent stroke was poor. In theý Framinghamn study,

50%/' of the cardiovascular accidents were not ischemuic in origin, not located or related

to the side of the bruit, or were secondary to cardiogeniz zintxli. Cervical bruits in men

* ~were ai-, added risk factor for death resulting from is-clemic heart di~eas5e. The

conclusioa from the two studies is that asymptoinatic c-arotid bruits are markers for the

presence of diffuse atherosclerotic vascular disease~.
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Fcognosis for persons with asymnptomatic bruits secondary to carotid artery disease M

diagnosed by noninvaslive studies

Roederer et a149 followed 16Z persons with asymptomatic bruits with serial

ultrasonic duplex scans. By 36 months 10 of them becam~e symptomatic (see Table VIII);

all symaptoms correlated with the side of the bruit.

Table VIII

RELATIONSHIP BETWEEN DISEASE PROGRESSION BEYOND 80% DIAMETER

REDUCTION AND SYMPTOMS/OCCLUSION

Clinical status Disease status on follow-up

4 80% 80

No complication Z58 13

TIA only 14

TIA with occlusion 0 1

11A followed by stroke and occlusiun 0 1

Stroke with occlusion 0 3

Asymptomatic occluqion 3 3

Total complications 41

source: R(EP 49

The rate of complications in this study is higher than in the studies of asytnptowaiic

bruits not followed by noninvasive studies. Mont liku-1y this is due to the sen~sitivity of

the scanner in detecting the source of the inurmur.

Also of interest in this study is the*- ratz? of progression of the atherosclerotic

process, particularly as it relates to the development of symptoas. Thirty-one percent
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of the subjects showed some disease progression on one side and 7% on both sides. When

a lesion is initially classified as causing less that, 50% stenosis, 33% will progress to

4causing greater than 50% sienosis after 3 years. The progression of a lesion to greater

than 80% stenosis is an important warning sign because the risk of developing ischemic

symptoms or ipsilateral total occlusion is 35% at six months and 46% at 12 months. Of

the lesions that did not progress to 80% stenosis, only 1.5% caused complications. The

major risk factors for disease progression were diabetes mellitus, age and cigarette

smoking. Persons under 65 years of age were most likely to show progression.

In the Toronto Asymptomatic Bruit Study, 5 z the risk of a cerebral vascular event

was approximately 15% per year in individuals who had a stenosis larger than 75%,

compared to 3% for those who had stenosis less than 75%.

The results of these serial noninvasive studies correlate with the only angiographic

study on the progression of carotid arteryarteriosclerosis. 53  In this study, 51 of 86

subjects who were followed for up to 9 years had increased severity of the stenosis; in 32

of these persons the stenosis prognosed at a rate of greater than Z5% per year.

Aeromedical disposition: Bqised on the available data, the following sequence of

evaluation should be followed with a candidate with an asymptomatic bruit: 1) the

a~symptomatic bruit shoued be determined to be of arterial origin, particularly

midcervical in location; Z) if the bruit is midcervical and not transmitted, then

noninvasive studies should be performed at a reputable laboratory; 3) if these studies

show a degree of stenosis that is greater trtan 75% to 80% of the diameter of the lumen

of the artery, either in one carotid or in both, the applicant sýhould be denied

½ certification (see the discu-sion on carotid endarterectomy); 4) if the studies show a

degree of stenosis less than 75% to 80% of the diameter of the lumen, the candidate mnay

be certified, provided there are no other disqualifying conditions. A thorough

cardiovasc,..lar examination and evaluation for diabetes mellitus is mandatory, as is .i

thorough neurological evaluation; and 5) if the candidate meets all standards and
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guidelines for cardiovascular disease and diabetes mellitus, he or she may be certified.

However, the candidate should be re-evaluated neurologically and medically and with

noninvasive studies performed at the same laboratory every six months thereafter. If the

degree of stenosis progresses to greater than 75% to 80%, or if neurologically or

medically disqualifying conditions develop, the airman should be denied certification

permanently.

CT scan studies of persons with asymptomatic bruits have not been published.

Since it is possible that persons with asymptomatic bruits may have experienced previous

cerebral vascular events that either were not reported or were not recognized, a CT scan

or an MRI study of the head may be considered by the FAA as part of the evaluation. If

changes consistent with infarctions are detected, then the applicant should not be

certified.

Strokes in the young adult

SFrom time to time, the FAA will encounter young adult airmen with a.history of

transient ischemic attacks or completed strokes. The relative incidence of all TIAs or

strokes between the ages of 16 and 45 years is approximately 3.7%,38 which is similar to

the figures found in the study in Toronto. 54 The causes of stroke or TIA in the Toronto

study were as follows: 28% were due to cardiac disease, 23% were due to unknown cause

(with normal angiograms in 2/3 of these individuals), 15% due to migraine, and 11%

assumed to be a result of premature athreosclerosis. Miscellaneous causes comprised the

remainder. Causes of premature TIAs and strokes in the younger age group are found in

Table IX.

TABLE IX - CAUSES OF STROKES AND TIAs IN YOUNG ADULTS

1. Migraine
2. Hemorrhages

a. Aneurysms
b. Arteriovenous malformations
c. Hypertensive hemorrhage
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3. Hypertensive encephalopathy
4. Premature atherosclerosis

"a. Hypertension
b. Diabetes
c. Hyperlipidemia
d. Hypothyroidism
e. Nephrotic syndrome

5. Fibromuscular
6. Takayasu disease
7. Arrythmias

a. Atrial fibrillation
8. Myocardial infarction

a. Mural thrombus
b. Akinetic segments

9. Cardiomyopathies
10. Blood disorders and dyscrasias

a. Hemoglobinopathies such as sickle cells
b. coagulopathies
c. Thrombocytic thrombocytopenia purpura
d. Leukemia
e. CZ deficiency
f. Homocystinuria

11. Arteritis
a. Infection such as syphilis, TB, virus
b. Collagen vascular disease
c. Giant cell arteritis
d. Drug abuse
e. Moyamoya disease

1.2. Venous infarctions
13. Arterial dissections

a. Trauma
b. Spontaneous
c. Atherosclerotic

14. Trauma
a. Accidents
b. Chiropractic manipulation

15. Pulmonary venous disease
a. . Pulmonary venous thrombosis
b. Paradoxical embolism

16. Valvular heart disease
a. Mitral valve stenosis

c. Bicuspid aortic valve
d. Infective or non-infective endocarditis

e. Valvular prostheses.
17. Cardiac tumors

Sa. Atrial myxuma

source: REF 54

Many of the diseases in Table IX are themselves disqualifying, or the neurological

residuals are so devastating that there is no question about certification. Ischemic
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events associated with migraine have already been discussed. In cases in which there is a

single event, such as arterial dissection due to trauma, or thrombosis due to chiropractic

manipulation, the decision to certifiy is dependent on complete neurological and/or

neurosurgical evaluation. CT scan or MRI, angiograms and neuropsychological studies

may be indicated. Candidates with an unexplained transient ischemic episode(s) should

be disqualified permanently unless a treatable, nondisqualifying deficit is discovered on

subsequent evaluations, or a sufficient symptom-free observation period has elapsed (an

arbitrary figure would be five years), from the time of the initial event(s).

Several entities deserve special discussion. These are: a) mitral valve prolapse; b)

drugs and cerebrovascular disease; c) fibrora-uscular dysplasia; and d) transient global

amnesia.

Mitral valve prolapse (MVP)

MVP? is a common disurder, reported in 5% of the general population and 17% of

young women and girls. It is reported to be associated with a number of conditions,

including migraine, transient global amnesia, transient ischemic attacks, autonomic

dysfunction, muscular dystrophies and intracranial aneurysms. However, for most of

these conditions, the numbers reported are insufficient and a relationship has not been

firmly established. A number of investigators have reported an increased incidence of

cerebral ischemic attacks, particularly in younger persons with this entity, as shown in

Table X. Thromboembolism has been implicated as the cause, based on clinical

angiographic and postmortem examinations. The risk of stroke in young persons is

estimated to be 1/6,000 per year.

Hart and Easton found a relationship of MVP with cerebral infarction,5 6 and

57
Jackson et al report recurrent episodes of TIA in 44% of subjects with MVP.

The studies listed in Table X were on individuals who already had experienced an

ischemic episode. Recently, Nishimura et al reported on long-term follow-up of Z37

IV - 478



2$ C. 0 - ,. ("u uu

.~0 0.0

WU,

2.4

:L I



persons with MVP demonstrated by echocardiography. 58  These subjects were either

asymptomatic, or minimally symptomatic. The follow-up periods had a mean of 6.2

years. Only 10 persons (4.3%) developed an ischemic event. Six of these were in atrial

fibrillation at the time of the event, one had a ventricular aneurysm with an apical

thrombus, one had infective endocarditis, and the remaining two were not in atrial

fibrillation and had no other cause. However, in both of these individuals, multiple

embolic occlusions were seen in carotid angiograms. For the neurological as well as the

other complications, those who had redundant valve leaflets were at the greatest risk.

Aeromedicai disposition: Based on the information available, it is recommended

that candidates with documented MVP who have TIAs should be disqualified permanently

even if they are taking otherwise acceptable medications, such as aspirin and

dipyrimidole (PresantineR). The candidate should also satisfy the criteria discussed in

the section on cardiovascular diseases.

Drugs and cerebrovascular disease

Elicit drugs: It is not often appreciated that abuse of elicit drugs can causc

cerebrovascular complications. The relative incidence of CVAs with these various drugs

is listed in Table XI. 59 Amphetamines are associated with increased risk of intracranial,

and especially intracerebral hemorrhage. Other complications of these drugs are

cerebral embolization and ischemic strokes. Candidates with a history of CVAs resulting

from drug abuse should be disqualified permanently for obvious reasons.

Oral contraceptives: Although not commonly thought of today as a drug, oral

contraceptives can cause CVAs. Case-control studies of oral contraceptives and stroke

are listed in Table XII. The estimated relative risk of stroke ranges from zero to 16,

depending on the type of study and length of follow-up. Both ischemic strokes and

subarachnoid hemorrhage have been reported. Women who are older and who have other

O • risk factors for stroke, such as hypertension and cigarette smoking habits, are the w•2
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TABLE XI

RELATIVE INCIDENCE OF DOCUMENTED CEREBROVASCULAR COMPLICATIONS OF ABUSED DRUGS*

1ntracircbral Subairachnoid Ischernic
Drug hcmorrhavc hemorrhage Emboli strokc Hypertension

Heroin - - +
Amphetamincs +.+ . + ++ - - ++

T's & Blues +4+ - +++ +
Co-aine + + +
Methylpheindat - - + + + - +
LSD +- - +
PCP + - - - ++

*Not including complications of endocarditis.

source: REF 59

TABLE XII

CASE-CONTROL STUDIES OF ¶A.L CONTRACEPTIVES AND STROKE

relativeSudics Types of strokcs (N) r,,k
Vesscy and Doll 1969W l-whcmic (19) 6

Sartwell ct al 19692 Ischemic (13) 19

Collaborative 197 36' 1.whnic (140) 9
Hemorrhagic (195) 2

Collaborative 1915' Heniorhagic

Never snpiked 14l) 1.2
Heavy smoking (78) 7

JAck et al 19788 Ischcm ic (13) 26
lcmor ha~gic (I)

lnnian 1979' Subarachnoid 1.5

hcmorrhagc (134)
Thorogood et al 1981' Suara'hnoid 1.4

hemorrhage (168)

source: REF 60
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susceptible. Oral contraceptive-induced migraine was discussed in the headache

section. The exact mechanism is not known, although a hypercoaguable state has been

postulated.

Candidatei with a history of stroke assumed to be a result of oral contraceptives

should be disqualified permanently unless: a) the resulting neurological deficits are not

disqualifying as determined from neurological and neuropsychological evaluations as well

as from radiological procecdures such as a CT scan or MRI; b) four vessel angiograms are

normal; c) the candidate is no longer taking oral contraceptives; and d) the applicant

satisfies all other medical criteria, particularly the cardiovascular criteria.

Fibromuscular dysplasia (FMD)

Fibromuscular dysplasia is a non-atheromatous and non-inflammatory angiopathy

of unknown etiology. It affects the primary and distant branches of the aorta, including

the internal carotid, vertebral and intracranial arteries. It is a rare disorder with

reported frequencies of 0.25% to 0.77%. In two thirds of cases, the internal carotid

artery is involved. 6 1 Bilateral involvement has been reported in 86% of persons with this

condition. Approximately 90% of the cases occur in women, with the average age of

onset around 58 years. The natural history of this disease is not known. Focal cerebral

symptoms, spontaneous arterial dissections, and mural and saccular aneurysms have been

reported. In a clinical and angiographic study of 3Z persons with this disease, So et al

report a 56% incidence of focal neurological symptoms and ZZ% incidence of saccular

aneurysms with rupture in 5 of the 7 persons. Follow-up angiograms in 6 individuals

showed progression of the disease in two.6Z

In other studies reviewed by Sandok 0 angiographic progression of the lesion was

noted in five of 15 persons and the development of new lesions in two. In 79 persons with

carotid artery FMD followed for an average period of five years, only three experienced

subsequent ischetuic events. The assiociation of atherosclerotic disease with this
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entity has been noted by Sandok; thus it may be difficult to determine whether these

syr-ptoms were due to FMD or atherosclerosis.

In some pe-,sons surgery has been performed, particularly bypass procedures;

however, numbers are too few to evaluate the results. Thus, based on the available

information, candidates with angiographic evidence of FMD, whether it is related to

their symptoms or is an incidental finding, should be disqualified permanently.

4:ansient global amnesia (TGA)

Transient global amnesia is included in the section on cerebrovascular disease

because many authorities feel that it is caused by ischemia•.within the posterior

circulation. It is characterized by: 1) an acute onset of disturbed memory; 2) a variable

period of retrograde amnesia; 3) preservation of immediate recall; 4) preservation of

remote memory; 5) resolution of all deficits, generally within 24 hours; 6) a residual

period of amnesia after the attack; and 7) absence of exclusionary crite-ia. 63 TGA

usually occurs in themiddle-to-late age groups. It has been reported in association with a

number of conditions: migraine; mitral valve prolapse; cerebral and cardiac angiography;

polycythemia; digitalis, diazepam and iodochlorhydroxyquin drug intoxications; and TIAs

within the posterior circulation. It has been reported in 3.5% of persons with TLAs. 64

Recurrent attacks occur in approximately 10% of persons with TGA. Kushner and

Hauser 6 3 conclude from the clinical, electroencephalographic and radiological

investigations of 18 patients that TGA is closely linked to cerebrovascular disease. The

recurrence rate was 7.0% for both TGA and subsequent cerebral ischemia. In 5 of 13

patients, CT scans showed focal thalamic and temporal lohe abnormalities.

Although the pathogenesis of this disease remains controversial, there is sufficient

evidence to support the recommendation that candidates with this condition should be

disqualified permanently. Possible exceptions to this are candidates with drug or

a•rteriography-induced episodes, provided that the drug-provoked attacks were accidental
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(eg, the drug was not abused) and diseases confirmed by the angiograms are themselves

not disqualifying.

Referencce

1. Committee on Cerebrovasc-Aar Disease: A classification and outline of

cerebrovascular disease. Stroke 1975;6,563-616.

Z. Whisnant JP, Crowel RM, Patterson RH, et al: Cerebrovascular disease. Arch

Neurol 1979;36:734-738.

* 3. Mohr JP: Transient ischemic attacks and the prevention of strokes (editorial). New

EngI J Med 1978;299:93-95.

S4. Thompson JE, Talkington CM: Carotid endarterectomy. Ann Surg 1976;184C1-15.

5. Sandok BA, Furlan AJ, Whisnant JP, et al: Guidelines for the management of

transient ischemic attacks. Mayo Clinic Proc 1978;53:665-674.

6. Wolf PA, Kannel WB, Dawber TR: Epidemiology of stroke: The Framingham Study,

in Schoenberg B (ed): , Neurological Epidemiology: Principles and Clinical

•Applications. Advances in Neurology. New York, Raven Press, 1978, Vol 19, 107-

I ZO.

7. Hass WK: Aspirin for the limping brain (editorial). Stroke 1977;&Z99.

8. Heyman A, Wilkinson WE, Hurtwitz BJ, et al: The risk of ischemic heart disease in

patients with TLA. Neurology 1984;34:6Z6-630.

9. Adams UP, Putnam SF, Corbett JJ, et al: Amaurosis fugax: The results of

arteriography in 59 patients. Stroke 1983;14:74Z-744.

_-• 10. Hurwitz BJ, Heyman A, Wilkinsoin WE, et al: Comparison of amaurosis fugax aund

transient cerebral ischemia: A prospeciive clinical and arteriographic study. Ann

Neural 1985;18:698-704.

11. Poole CJM, Ross Russell RW: Mortality and stroke after amat.rosis fugax. I

Neurol Neurosurg and Psychiat 1985;48:90Z-905.

IV -48Z



IZ. Muuronen A: Outcome of surgical treatment of 100 patients with transient

ischemic attacks. Stroke 1984;15:959-964.

13. Whisnant JP, Sandok BA, Surodt TM: Carotid endarterectomy for unilateral carot-d

system transient cerebral ischemia. Mayo Clinic Proc 1983;58:171-175.

14. Ausman JI, Shrontz CE, Pearce JE, et al: Vertebrobasilar insufficiency: A

review. Arch Neurol 1985;42:803-808.

15. Whisnant JP, Cartlidge NEF, Elvebach LR: Carotid and vertebralbasilar transient

ischemic attacks: Effects of anticoagulants, hypertension and cardiac disorders on

survival and stroke occurrence: A population study. Ann Neurol 1978;3:107-115.

16. F~ilure of extracranial-intracranial arterial bypass to reduce the risk of ischemic

stroke: Results of an international randomized trial: The EC/IC bypss. study

group. New Engl J Med 1985;313:1191-1Z00.

17. Thompson JR, Simmons CR, Hass AN, et al: Occlusion of the intradural

vertebrobasilar artery. Neuroradiol 1978;14:ZI9-ZZ9.

18. McCormick FW: Pathology and pathogenesis of intracranial saccular aneurysms, in

Saks AL, Adams HP (eds): Seminars in Neurology. New York, Thieme-Stratton,

1984, Vol 4, pp Z91-303.

19. Fox JL: Intracranial Aneurysms. New York, Springer-Verlag 1983, Vol 1, pp 15-18.

?G. Winn HR, Taylor J, Kaiser DL: Prevalence -)f asymptomatic incidental aneurysms:

Review of 45-68 arteriograxms (abstract). Stroke 1983; 14:21.

Z 1. Saks AL, NLshioka H, Toraer JC, et ak: Cooperative study of intracranal aneurysms

and subarachnold hemorrhage: A long-term prognostic study. I: Introduction.

Arch Neurol 1984;41-1140-1141.

U2. Nishioka H, Torner JC, Graf CJ: Cooperative study -o intracranial wieurysms and

sutarachnoid hetorrhage: A long-term prognostic study. U-: Ruptured intracranial

, , .a-neurjsms managed conservatively. Arch Neurml 1984;41:114 .- 1146.

SIV 483

- . - 4



mi

Z3. Winn HR, Richardson AE, Jane JA: The long-term prognosis in untreated cerebral

aneurysms. I: The incidence of late hemorrhage in cerebral aneurysms: A ten-year

-I evaluation of 364 patients. Ann Neurol 1977;1:358-370.

24. Winn HR, Richardson AE, O'Bric.n ', et al: The long-term prognosis in untreated

cerebral aneurysms. II: Late morbidity and mortality. Ann Neurol 1978;4-418-4Z6.

25. Wie&,_'s DO, Whisnant JP, O'Fallon WM: The natural history of unruptured

intracranial aneurysms. N Engl J Med 1981;304:696-698.

Z6. Jane JA, Kassell NF, Torner JC, et al: The natural history of aneurysms and

arteriovenous malformations. J Neurosurg 1985;62:321-3Z3.

V7. Winn HR, Berga SL, Richardson AE, et al: Lon- term evaluation of patients with

cerebral aneurysms. Ann Neurol 1981;10:106.

Z8. KasseU NP. Torner JC: Size of intracranial aneurysms. Paper presented at Conress

of Neurological Surgeons, Los Angeles, October 1981.

S29. Dell S: Asymptomatic cerebral aneurysm: Assessment of 'is risk of rupture.

Neurosurgery 198 2;10: .6Z-166.

30. Hunt WE, Hess RM: Surgical risk as related to time of intervention in the repair of

intracranial aneurysms. J Neurossurg 1968;M8:14--0.

31. Saveland H, Sonesson B, Ljunggren B, et al: Outcome evaluation following

sub4urachnoid hemorr.age. J Neurosurg 1986;64:191-196.

32. Acosta-Rua G: Familial incidence of ruptured intracranial aneurysmti. Arch Neurol

1978 ;35:656-677.

33. Crawford PM, West CR, Chadwick DW, et ,l: Arteriovenous t l•ormatiorj of ,he

braý.n: Natural history in unoperated patients. J Neurol Neurosurg and P•ychiAt

34. Parkinson D, Bachers G: Arteriovenous tm.alformations: Suwmav of 100

Scor~seut've supratentorial cases. J Neurosurg 1980;53:Z85-299.

IV - 484

N~' r..C..
4- .4, %



35. Guidetti B, Delitala A: Intracranial arteriovenous malformations: Conserive

* and surgical treatment. J Neurosurg 1980;53:149-15Z.

36. Graf CJ, Perrett GE, Torner JC: Bleeding from the cerebral arteriovenous

malformations as part of their natural history. J Neurosurg 1983;58:331-337.

37. Ftults D, Kelly DL: Natural history of arteriovenous malformations of the brain: A

clinical study. Neurosurg 1984;15:658-662.

38. Walker AE, Robins M, Weinfeld FD: Clinical findings: National Survey of Stroke.

S.roke 1981;1Z(suppl):13-44.

39. Brismar J, Sundbarg G: Subarachnoid hemorrhage of unknown origin: Prognosis and

prognostic factors. J Neurosurg 1985;63:349-354.

40. Nishioka H, Torner JC, Graf CJ, et al: Cooperative study of intracranial aneurysms

and subarachnoid hemorrhage: A long term prognostic study. MII: Subarachnoid

hemorrhage of undertermined etiology. Arch Neurol 1984;41:1147-1151.

41. Forster DML, Steiner L, Hakenson S, et al: The value of repeat pan-angiography in

cases of unexplained subarachxoid hemorrhage. J Neurosurg 1978;48:71Z-716.

4Z. Ishii R, Kuroki M, Tanaka R, et al: Subarachnoid hemorrhage of unknown cauwe.

Neurol Med Chir 1983;Z3:26Z-Z66.

43. Sandok B, Whisnant JP, Furlan AJ, et al: Carotid artery bruits: Prevalence survey

and differertial diagnosis. Mayo Clinic Proc 1982;57:ZZ7-Z30.

44. Wolf PA, Kannel WB, Sorhe P, et at: Asymptomatic carotid bruit and risk of

stroke: The Framingham study. JAMA 1981;245:1442-1445.

45. Heyman A, Wilkinson WE, Heyden S, et al: Risk of stroke in asymptotnatic persons

with cervical arterial bruit--- A population study in Evans County, Georgia. N Engl

J Med 1980;30Z:838-841.

46. Hennerici M, Aulich A, Sandcrmann XV, et at: Incidence of asymptomatic

extracranial disease. Stroke 1981;1Z:750-758.

IV - 485



47. Lo LY, Ford S, McKinney WM, et al: Asymptomatic bruit, carotid, and vertebral-

basilar transient ischemic attacks: A clinical and ultrasonic correlation. Stroke

1986;17:65-68.

48. Ackerman RH: Non-invasive diagnosis of carotid disease. U the era of digita~l

subtraction angiograpby, in Barnett HJM (ed); Symposium on Cerebrovascular

Disease. Neurologic Clinics. Philadephia~, WB Saunders, 1983, Vol 1, pp 263-278.

49. Roederer GO, Langlois YE, Jager KA, et al: The natural history of carotid arterial

disease in asymptomnatic patients with cervical bruits, Stroke 1984;15:605-613.

*50. Guidotti M, Landi G, Scotti G, et al: Digital subtraction angiography in patients

with cerebral ischemic attacks and norital continuous wave Doppler studies.. J

Neurol Neurosurg and Psychiat 1985;480.-39-43.

51. Fischer CG, Anderson CC, Farber R, et al: Prediction of carotid disease by

ultrasound and digital subtraction anglograplv-' Arch Neurol 1985;4Z:224-227. I

52. Kuller LN, Sutton KG: Cartoid artery bruit: Is it safe and effective to auscultate

the neck? Stroke 1984;ý15:944-947.

53. Javid H, Ostermiller WE, Hengesh JW, et al: Natural history of carotid artery

bifurcation atheros clerosies. Surgery 1 970;67:80-86.

54. Hach~nski V, Norris JW. The Acute Stroke. Philadelphia, FA Davis, 1985, Chapter

9. pp 141-163.

55. Jackson AG: Neurological di- rders associated with mitral valve prolapse. Can J

Neural Sci 1966;13:15~-20.

S6. Hart RC*, E~aston JD. Mitral valve prolapse and cerebral infarction. Stroke

1982; 13:4Z9-430.

57. Jackston AC. Boughner OR, Barnett HJM: Mitral -;;lve prolapse and cerebral

ischetnic events in young patients. Neurology 1984;34.794-787.

IV -486

-4k49$h&-:o



58. Hishamura RA, McGoon MD, Shub C, et al: Echocardiographically documented

mitral valve prolapse: Long-term follow of 237 patients. N Engl J Med

1985;313:1305-1309.

59. Caplan LR, Hier DB, Banks G: Current concepts of cerebrovascular disease -

stroke: Stroke and drug abuse. Stroke 198Z;13:869-8?Z.

60. Longstreth WT Jr, Swanson PD: O-al contracepi.-ves and stroke. Stroke

1984;15:747-750.

61. Sandok BA: Fibromuscular dysplasia of the internal carotid artery, in Barnett HJM

(ed): Symposium on Cerebrovascular Disease. Neurologic Clinics. Philadelphia,

WB Saunders, 1983, Vol 1, pp 17-26.

6Z. So EL, Toole JF, Dalal P, et al: Cephalic fibromuscular dysplasia in 3Z patients.

Arch Neurol 1981;3&619-622.

63. Kushner MJ, Hauser WA: Transient global amnesia: A case-control study. Ann

Neurul 1985;18&684-691.

64. Crowell GF, Stump DA, Biller J, et al: The transient global amnesia-migraine

connection. Arch Neurol 1984;41:75-79.

IV - 487

?. MM,!c.UM2 \ fO = M



Brain Tumors

The AMA reviewed the subject of brain tumors for the FAA in 1979.1 The

neurology consultants for this present project conclude than, in general, the clinical

descriptions and recommendations for medical disposition of persons with brain tumors

are applicable today as well. The consultants would like to update the 1979 review with

the following-

Computed Tomography (CT) Scans and Magnetic Resonance Imaging (MRI)

Scant mention was made of the benefit of CT scans, and no mention was made of

MRI, in the diagnosis of brain tumors. These imaging techniques are non-invasive, and

are now indispensible in the evaluation of primary and metastatic intracranial tumors.

Although these studies may need to be supplemented by cranial angiography and, rarely,

pneumoencephalography, CT scanning and MRI essentially have supplanted these two

invasive techniques. The FAA should obtain CT scans or MR21 on all persons with

presumed primary or metastatic intracranial tumors.

* Aeromedical disposition

In general, all applicants with intracranial tumors should be disqualified initially,

and most likely, permanently. This applies especially to persons with malignant primary

brain tumors and metastatic tumors such as from cancer of the lung (see

hematology/oncology section, pulmonary section, and discussions of solid tumors in the

other organ-system-based sections of this report).

Persons with "benign" tumors should be disqualifed. After removal of the tumor,

these persons should be followed for at least 5 years before certification should be

considered. 2 A person may be certified if there is no history of pre-operative or post-

operative seizures, and the neurological examination, EEG, CT scan and/or MRI, and
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neuropsychological studies at the time of application are normal. The applicant shall

have taken no medications for the five year observation period.

Persons with "benign" posterior fossa tumors, pituitary adenomas and acoustic

neurinomas should be disqualified and observed for at least one year, at which time

certification may be considered. The neurologic examination should be normal at that

time. If replacement therapy of endocrine hormones is required, the applicant should be

evaluated by an endocrinologist (see endocrine system section).

Pseudotumor cerebri

Persons with pseudotumor cerebri should be disqualified for at least six months

following the termination of corrective therapy. The neurological evaluation at the time

of application should show no residual neurologic and visual deficits. Since some

pseudotumors tend to recur, these applicants, once certified, should be evaluated every 6

months for 5 years. Those persons whose pseudotumor is associated with morbid obesity

should also be certified according to the guidelines for obesity that are recommended by

the risk factor committee (see section on risk factors).

References
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Dysequilibrium

The subject of dizziness and dysequilibrium was discussed by the AMA in its 1979

report to the FAA,I as well as by the ENT consultants for this review. The neurological

consultants reviewed both reports and concur with their conclusions, especially the

recommendation of the ENT committee that a person who has any condition that may

cause sudden paroxysms of dizziness or dysequilibrium be disqualified permanently. A

list of disorders that cause these symptoms is found in the 1979 report.

The 1979 report discusses in more detail dysequilibrium caused by transient

ischemic attacks (TIAs), multiple sclerosis (MS), brainstem migraine and vertigenous

epilepsy. These four entities are discussed in other sections of this present review

(sections on cerebrovascular disease, demyelinating disease, headaches, and epilepsy,

respectively). The 1979 report also discusses cerebellar-pontine angle tumors. The

neurology consultants agree with its recommendations, adding only that an applicant with

such a tumor undergo a thorough neurological evaluation, including EEG, at least one

year after the removal of the tumor, or after the tests of vestibular function have

returned to normal. The one-year period of observation should be slifficient to detect

delayed onset symptoms, especially if the tumor or surgery affected the brainstem or

brainstem blood supply.

Reference
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Neurol 1979;36:806-810.
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RECOMMENDATIONS FOR RESEARCH

Endocrine System

0 The FAA should devise a surveillance program to monitor diabetic

individuals taking oral hypoglycemic agents, who may be granted medical

certificates if the recommendations set forth in this report are adopted.

This surveillance should include special medical monitoring as well as

interviews with those pilots about incidents of possible hypoglycemia while

in flight status.

o Both hypoxia and hypoglycemia affect mentation and psychomotor

function. The FAA should devise a study in a controlled setting of the

combined affects of hypoglycemia and hypoxia on the ability of persons to

* perform the tasks of airmen.

Mental and Behavioral

o The five-question mini-mental state examination that is proposed as a

screening tool for cognitive function is comprised of techniques from

psychological test batteries that are standardized and validated. However,

the five-question examination itself is new and untested.

0 The FAA should monitor the use of this screening mini-mental state

examination, to determine its acceptance by pilots and AMEs, and assess its

validity and reliability as a screening tool in detecting diminished cognitive

functions in the pilot population.
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o The FAA should also consider developing a computerized test of cognitive

function, which could be administered and scored in the AME's office. This

appears feasible, since computers are becoming more commonplace in

physicians' offices. The test items could be changed randomly to prevent the

examinees from knowing what item will be presented. As with the five-item

test described in this report, the computerized test would be a screening test

that would detect significant cognitive impairments that may otherwise go

unrecognized during a routine physical examination.

0 The FAA should study the usefulness of routine GGT determination and urine

screening for alcohol abuse or dependence. This could be attempted on a

sample of pilot applicants, to assess acceptance, logistics, quality control,

and validity.

Visual System

o Progressive power lenses, or Varilux lenses, are considered conventional

lenses, and as such are allowed by the FAA to provide best-corrected visual

acuity for a pilot. However, these lenses also induce a built-in trapezoidal

distortion. We recommend further research into the induced visual

disturbances by such lenses to assess their potential hazard to aviation

safety.

o It is well known that kinetic disturbances are induced with contact lenses.

The FAA should study these disturbances in pilots who perform acrobatics.

o There is a pressing need for an office method for testing aviation signal red,

green, and white in Class MII pilots. A simple lantern test incorporated into
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the popular Titmus vision screening tester, or a simple hand-held tester

would seem most appropriate. For the Titmus, all that would be required is

an additional slide that would permit recognition of the aviaLn signal

green, red and white.

o The Titmus slide or the hand-held device should incorporate the same

chromaticity and luminosity as the signal light gun. It would have to be

field-tested first on a group of color-deficient and color-normal individuals,

and correlated to the signal light gun test. The office plate tests, such as

Dvorine and American Optical, are very strict and fail a number of

individuals who pass the signal light gun test. Therefore, a simple office

signal light gun-type test would be ideal.

0 The FAA may have to consider the implications of new four-color weather

radar and color cathode-ray tube visual displays in the cockpits of modern

aircraft, and may have to amend color vision standards in the future,

depending on standardization of the colors in these instruments.

o The FAA should consider changing the tower signal light controls to red and

white only. The present system has been shown to be very confusing and is

seldom in use. This is well-documented in the article by HL Gibbons and MF

Lewis in Aerospace Medicine, 1969;40(6):66Z-669. Similarly, a change in the

standard aviation lighting systems has been suggested as a means of betzer

signal light recognition for color-deficient pilots.

0 Some persons, mainly those with deuteranopia, or green-bWindness, have no

7trouble seeing red, provided that the red is sufficiently intense. Unless they
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are also blue-yellow blind (which is very rare), these persons have no trouble

seeing blue lights. The elimination of green signals will enable them to

function well when an intense red light is seen and when objects or signals

that were formerly green are changed to blue. The added purification of red

with elimination of yellow, keeping the red close to the 650 mu wavelength,

should also help those individuals to see red. With these changes, only a very

small number of color-deficient persons will be uncertified, and these will be

persons with protanopia, or red-blindness.

The FAA should recognize that no aviation crash has ever been attributed

directly to a color deficiency. Therefore, a change in some color signal

lights may cause an increase in crashes, not because the lights would not be

seen, but because the pilot may not interpret the new lights correctly.

Clearly, a re-education effort would have to accompany a signal light

change.

o Dille and Booze state in the October 1984 issue of Aviation, Space and

Environmental Medicine: "The relationships between heterophoria, fatigue,

dim light, a break in fusion, decreased depth perception, diplopia and

accidents are unknown." The FAA should consider studying these factors and

their significance in flight safety.

o It can be argued that heterophoria testing is costly, time-consuming and

unnecessary, since no aircraft crash has ever been attributed to motility

abnormalities. However, since we cannot show that another inethod of

assessing motility is more meaningful to the visual tasks in flying, present

methods of motility testing should be continued.
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o There are many newly emerging visual acuity testing procedures, including

contrast testing, dynamic visual acuity testing, and glare testing. The FAA

should evaluate these new testing procedures for their possible applicability

to aviation. If the use of the new technology were found to be applicable,

then perhaps persons who have undergone radial keratotomy, in whom we

cannot presently distinguish those who have problems with glare and those

who do not, might be given different recommended dispositions regarding

certification. Such testing devices would also have application in the

evaluation of persons with cataracts.

Ear, Nose and Throat

"o The FAA should devise and test the use of an audio cassette tape for speech

••,.discrimination, which reflects more accurately the type of speech a pilot
hears and the environment of speech discrimination in which the pilot

functions. That is, the tape should be a series of instructions from an air

traffic control tower as they would be heard on a cockpit radio. The pilot-

applicant would be expected to understand and repeat exactly the series of

instructions on the tape.

"o The FAA should study the environmentally-induced hearing loss of pilots by

reviewing serial audiograms.

Cardiovascular System

o The FAA should develop a surveillance program that would test the

reliability of risk factor monitoring (blood pressures, electrocardiogram

findings, serum lipids, etc) to predict sudden, incapacitating cardiovascular
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events. This information would guide future judgments regarding the need

for and extent of risk factor screening.

o The FAA should carefully monitor the progress of pilots with special

issuances, especially for myocardial infarction, coronary artery bypass

surgery, coronary angioplasty and arrhythmias. With this information the

validity of the special issuance recommendaions and practices could be

assessed.

o With the assistance of the airline industry and pilots' organizations, the FAA

should develop a program to educate airmen about the risk factors for and

the prevention of cardiovascular and other preventable diseases, which may

adversely affect public safety, pilot safety and the ability of a pilot to enjoy

operating aircraft to the fullest.

0 Because of the ever-increasing knowledge of the prevention, diagnosis,

treatment, rehabilitation and monitoring of cardiovascular diseases, the FAA

should review and upgrade its cardiovascular standards, guidelines and

practices every five years.

i
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